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PHOPEKTIES  OF   AIR   AXD   (JASES. 


1039.  Pneuroattcs  is  that  branch  of  Mechanics  which 
treats  of  the  properties  of  gases, 

tU40.  Thti  most  striking 
feature  concerning  gases  is  that, 
NO  malteT  how  small  the  quan- 
tity may  *<\  tlu-y  '.■.'ill  akoays 
Jill  the  vessels  which  eoitlaili 
them.  If  a  bladder  or  football 
is  partly  filled  with  air  and 
placed  under  a  glass  jar  (called 
a  receiver),  from  which  the 
air  has  been  exhausted,  the 
bladder  or  football  will  inimedi- , 
ately  expand,  as  shown  in  Fig, 
ISS.      The   force   which   a   gas  no,  i«8. 

always  exerts  when  confined  in  a  limited  space,  is  called 
tension.  The  word  tension  in  this  case  means  pressure. 
and  is  only  used  in  this  sense  in  reference  to  gases. 

1041.  As  ZMOtfr  is  the  most  common  type  of  fluids,  so 
air  is  the  most  common  type  of  gases.  It  was  supposed  by 
the  ancients  that  air  was  imponderable,  i.  e.,  that  it  weighed 
nothing,  and  it  was  not  until  about  the  year  165H  that  it  was 
proven  that  air  really  had  weight.  A  cubic  inch  of  air. 
under  ordinary  conditions,  weighs  .;il  grain,  nearly.  ■  The 
ratio  of  the  weight  of  air  to  water  is  about  1  ;  774;  that 
is,  air  is  only  ^^i  ^^  heavy  as  water.  It  can  be  shown 
experimentally  that  if  a  body  be  immersed  in  water,  and 
weighs  less  than  the  volume  of  water  displaced,  the  body 
will   rise  anil  extend  partly  out  of  the  water.     The   same 
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is  true  to  a  certain  extent  of  air.  If  a  vessel  made  of  light 
material  is  filled  with  a  gas  lighter  than  air,  so  that  the 
total  weight  of  the  vessel  and  gas  is  less  than  the  weight  of 
the  volume  of  air  which  they  displace,  the  vessel  will  rise. 
It  is  on  this  principle  that  balloons  are  made. 

1 042.  Since  air  has  weight,  it  is 
evident  that  the  enormous  quantity 
of  air  that  constitutes  the  atmos- 
phere must  exert  a  considerable  pres- 
sure upon  the  earth.  This  is  easily 
proven  by  taking  a  long  glass  tube, 
closed  at  one  end,  and  filling  it  with 
mercury.  If  the  finger  is  placed  over 
the  open  end,  so  as  to  keep  the  mer- 
cury from  running  out,  and  the  tube 
is  inverted  and  placed  in  a  cup  of 
mercury,  as  shown  in  Fig.  189,  the 
mercury  will  fall,  then  rise,  and  after 
a  few  oscillations  will  come  to  rest  at 
a  height  above  the  top  of  the  mercury 
in  the  glass  equal  to  about  'M)  inches. 
This  height  will  always  be  the  same 
under  the  same  atmospheric  condi- 
tions (allowance  being  made  for  the 
effects  of  capillary  attraction).  Now, 
if  the  atmosphere  has  weight,  it  must 
press  upon  the  upper  surface  of  the 
mercury  in  the  glass  with  equal  in- 
i*'"''  ^^  tensity  upon  every  square   unit,  ex- 

cept upon  that  part  of  the  surface  occupied  by  the  tube. 
Accc>r(ling  to  a  well-known  law  of  hydronicchaiiics,  this  pres- 
sure is  transmitted  in  all  directions.  There  i)ein«^  nothing  in 
the  tube,  except  the  mercury,  to  counterbalance  the  ui)ward 
pressure  of  the  air,  the  mercury  falls  in  the  tube  until  it  exerts 
a  downward  pressure  on  the  upper  surface  of  the  mercury  in 
the  cup  sufficiently  great  to  counterbalanee  the  upward  pres- 
sure produced  by  the  atniosi>here.     In  order  that  there  shall 
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be  equilibrium,  the  pressure  of  the  air  per  unit  of  area*  on  the 
upper  surface  of  the  mercury  in  the  glass  must  equal  the 
pressure  (weight)  exerted  per  unit  of  area  by  the  mercury 
inside  of  the  tube.  Suppose  that  the  area  of  the  inside  of  the 
tube  is  one  square  inch  ;  then,  since  mercury  is  13.  C  times  as 
heavy  as  water,  the  weight  of  the  mercurial  column  is  .03617 
X  13.6  X  30=  14.7574  pounds.  The  actual  height  of  the 
mercury  is  a  little  less  than  30  inches,  and  the  actual  weight 
of  a  cubic  inch  of  distilled  water  is  a  little  less  than  .03617 
pound.  When  these  considerations  are  taken  into  account, 
the  average  weight  of  the  mercurial  column  at  the  level  of 
the  sea  is  14.69  pounds,  or,  as  it  is  usually  expressed,  14.7 
pounds.  Since  this  weight,  exerted  upon  1  square  inch  of 
the  liquid  in  the  glass,  just  produced  equilibrium,  it  is  plain 
that  the  pressure  of  the  outside  air  is  14.7  pounds  upon  every 
square  inch  of  surface. 

1043«  Vacuum. — The  space  between  the  upper  end  of 
the  tube  and  the  upper  surface  of  the  mercury  is  called  a 
vacuum,  meaning  that  it  is  an  entirely  empty  space,  and 
does  not  contain  any  substance,  solid,  liquid,  or  gaseous.  If 
there  was  a  gas  of  some  kind  there,  no  matter  how  small  the 
quantity  might  be,  it  would  expand,  filling  the  space,  and 
its  tension  would  cause  the  column  of  mercury  to  fall  and 
become  shorter,  according  to  the  amount  of  gas  or  air  present. 
The  space  is  then  called  a  partial  vacuum.  If  the  mer- 
cury fell  1  inch,  so  that  the  column  was  only  29  inches  high, 
we  should  say,  in  ordinary  language,  that  there  were  29  inches 
of  vacuum.  If  it  fell  8  inches,  we  would  say  that  there  were 
22  inches  of  vacuum  ;  if  it  fell  16  inches,  we  would  say  that 
there  were  14  inches  of  vacuum,  etc.  Hence,  when  the 
vacuum  gauge  of  a  condensing  engine  shows  26  inches  of 
vacuum,  there  is  enough  air  in  the  condenser  to  produce 

a,  pressure  of  - — -- — -  x  14.7  =  -;r-  X  14.7  =  1.96  pounds  per 

square  inch.  In  all  cases  where  the  mercurial  column  is 
used  to  measure  a  vacuum,  the  height  of  the  column  in 
inches  gives  the  number  of  inches  of  vacuum.     Thus,  if  the 


^V  406                                                                                  ^^^^1 

^^V    column  were  5  inches  high,  or  the  vacuum  gauge  shoVe^^^^J 

^^H      5  inches,  the  vacuum  would  be  5  inches.                                               ^M 

^^M          If  the  tube  had  been  filled  with  water  instead  of  mercurj-,        ^M 

^^m       the  height  of  the  column  of  water  to  balance  the  pressure  of       ^M 

^M      the  atmosphere  would  have  been  30  X  IS.C  —  4ii8  inches  =       H 

^P        31  feet.      This  means  that  if  a  tube  were  filled  with  water,        H 

inverted  and  placed  in  a  dish  of  water  in  a  manner  similar  to      | 

""-^            the  experiment  made  with  the  mercury,  that  the       ^M 

Jm           resulting  height  of  the  column  of  water  would  be      H 

m  '*'"'■                             1 

¥'US,         1044.     The    barometer    is    an   instrument       H 

u 

t 

used    for  measuring  the   pressure  of   the  atmos- 

ft 

phere.      There  are  two  kinds  in  general  use — the 

ft 

mercurial  barometer  and  the  aneroid  barometer. 

u 

i 

The  mercurial   barometer  is  shown    in    Fig. 

,*i 

190.     The  principle  is  the  same  as  in  the  case  of 

■■'■ 

_   the  inverted  tube  shown  in  Fig.  189.     The  tube 
i  and  cup  at  the  bottom  are  protected  by  a  brass 

■ 

or  iron  casing.     At  the  top  of  the  tube  is  a  grad- 

1 

uated  scale  which  can  be  read  to  -j-o'inr  of  ^'^  inch, 

■■■/ 

by  means  of  a  vernier.     Attached  to  the  casing 

.' 

is  an  accurate  thermometer  for  determining  the 

'Ill 

temperature  of  ihe  outside  air  at  the  time  the 

barometric  observation  is  taken.     This  is  neces- 

K 

sary,  since  mercury  expands  when  the  temperature 

■ 

is  increased,  and  contracts  when  the  temperature 

r 

falls';  for  this  reason  a  standard  temperature  is 

assumed,  and  all  barometer  readings  are  reduced 

i^ 

BUt-  to  this  temperature.      This  standard  temperature      ■ 

t*„ 

^=f    is  usually  taken  at  3rJ°  F.,  at  which  temperature      H 

^^S^  the  height  of  the  mercurial  column  is  30  inches.       ■ 

W  j     Another  correction  is  made  for  the  altitude  of  the       H 

^JlJ     [ilace  above  sea  level,  and  a  third  correction  for      fl 

If^  Y      ^^'=  effects  of  capillary  attraction.                                   H 

J               1045.     In   Fig.    llil    is   shown  a   cut   of  an     H 

^              aneroid    barometer.      These    instruments    are      ^M 

"^PiG  191     "lade  in   various   sizes,  from  the  .size  of  a  large     ^1 
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watch  np  to  an  S  or  If)  inch  face.  They  consist  of  a  cylin 
drica!  box  of  metal,  with  a  tup  of  thin,  elastic,  corrugated 
metal.  The  air  is  removed  from  the  bo.v.  When  the  atmos- 
pheric pressure  increases,  the  top  is  pressed  inwards,  and 
when  it  is  diminished,  the  top  is  pressed  outwards  by  its 
own  elasticity,  aided  by  a  spring  beneath.  These  movements 
taof  the  cover  are  transmitted  and  multiplied  by  a  combina- 
ftioD  of  delicate  levers  which  act  upon  an  index  hand  and 


t  cause  it  to  move  either  to  the  right  or  left  over  a  graduated 
These  barometers  are  self-correcting  (compensated) 
I  for  variations  in  temperature.  They  are  very  portable. 
I  occupying  but  a  small  space,  and  are  so  delicate  that  they 
I  arc  said  to  show  a  difference  in  the  atmospheric  pressure 
Lwhen  transferred  from  the  table  to  the  floor.  They  must  be 
Bliandled  with  care,  as  they  are  easily  injured.  The  mercurial 
Kirometer  is  the  standard. 
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1046.  With  air.  as  with  water,  the  lower  we  get,  the-l 
greater  the  pressure,  and  the  higher  we  get,  the  less  the  , 
pressure.  At  the  level  of  the  sea,  the  height  of  the  mer- 
curial column  is  about  30  inches;  at  5,000  feet  above  the 
sea,  it  is  24.7  inches;  at  10, WO  feet  above  the  sea,  it  is  20.5 
inches;  at  15,000  feet  above  the  sea,  it  is  1G.9  inches;  at  3 
miles,  it  is  lfi.4  inches,  and  at  G  miles  above  the  sea  level,  it 
is  f(.0  inches. 

The  density  also  varies  with  the  altitude;  that  is,  a  cubic- 
foot  of  air  at  an  elevation  of  5,000  feet  above  the  sea  level 
will  not  weigh  as  much  as  a  cubic  foot  at  sea  level.  This  is 
proved  conclusively  by  the  fact  that  at  a  height  of  3J-  miles 
the  mercurial  column  measures  but  15  inches,  indicating 
that  half  the  weight  of  the  entire  atmosphere  is  below  that. 
It  is  known  that  the  height  of  the  earth's  atmosphere  is  at 
least  50  miles;  hence,  the  air  just  before  reaching  the  limit 
must  be  in  an  exceedingly  rarefied  state.  It  is  by  means  of 
barometers  that  great  heights  are  measured.  The  aneroid 
barometer  has  the  heights  marked  on  the  dial,  so  that  it  can 
be  read  directly.  With  the  mercurial  barometer,  the  heights 
must  be  calculated  from  the  reading. 


1 047.     The  atmospheric  pressure  is  everywhere  present, 
and  presses  all  objects  in  all  directions  with  equal  force.      If 
a   book    is    laid  upon  the  table,  the   air  presses  upon  it  in  < 
every  direction  with  an  equal  average  force  of  14.7  pounds 
per  square  inch.     It  would  seem  as  though  it  would  take 
considerable  force  to  raise  a  book  from  the  table,  since,  if  the    | 
size  of  the  book  were  8  inches  by  5  inches,  the  pressure  upon   I 
it  is  S  X  5  X  14.7  =  5Sfi  pounds;  but  there  is  an  equal  pres- 
sure beneath  the  book  to  counteract  the  pressure  on  the  top. 
It  would  now  seem  as  though  it  would  require  a  great  force'  j 
to  open  the  book,  since  there  are  two  pressures  of  588  pounds  I 
each,  acting  in  opposite  directions,  and  tending  to  crush  the   j 
book ;  so  it  would  but  for  the  fact  that  there  is  a  layer  of  air 
between  each  leaf  acting  upwards  and  downwards  with  a  pres- 
sure of  14.7  pounds  per  square  inch.     If  two  metal  plates  be'  ] 
made  as  perfectly  smooth  and  flat  as  it  is  possible  to  get  1 
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them,  and  the  edge  of  one  be  laid  upon  the  edge  of  the 
other,  so  that  one  may  be  slid  upon  the  other,  and  the  air 
thus  excluded,  it  will  take  an  immense  force,  compared  with 
the  weight  of  the  plates,  to  separate  them.  This  is  because 
the  full  pressure  of  14.7  pounds  per  square  inch  is  then 
exerted  upon  each  plate  with  no  counteracting  equal  pres- 
sure between  them. 

If  a  piece  of  flat  glass  be  laid  upon  a  flat  surface  that  has 
been  previously  moistened  with  water,  it  will  require  con- 
siderable force  to  separate  them ;  this  is  because  the  water 
helps  to  fill  up  the  pores  in  the  flat  surface  and  glass,  and 
thus  creates  a  partial  vacuum  between  the  glass  and  the 
surface,  thereby  reducing  the  counter  pressure  beneath  the 
glass. 

1048.     Tension   of  Gases. — In    Fig.  189    the    space 

above  the  column  of  mercury  was  said  to  be  a  vacuum,  and 

that   if   any  gas  or  air  was  present,  it  would  expand,  its 

tension   forcing   the   column   of   mercury  downwards.      If 

enougph  gas  is  admitted  to  cause  the  mercury  to  stand  at 

14  7 
15  inches,  the  tension  of  the  gas  is  evidently  — ~  =  7. 35  pounds 

per  square  inch,  since  the  pressure  of  the  outside  air  of  14.7 
pounds  per  square  inch  only  balances  15  inches,  instead  of  30 
inches,  of  mercury;  that  is,  it  balances  only  half  as  much  as 
it  would  if  there  were  no  gas  in  the  tube ;  therefore,  the 
pressure  (tension)  of  the  gas  in  the  tube  is  7.35  pounds.  If 
more  gas  is  admitted  until  the  top  of  the  mercurial  column 
is  just  level  with  the  mercury  in  the  cup,  the  gas  in  the  tube 
has  then  a  tension  equal  to  the  outside  pressure  of  the 
atmosphere.  Suppose  that  the  bottom  of  the  tube  is  fitted 
with  a  piston,  and  that  the  total  length  of  the  inside  of  the 
tube  is  36  inches.  If  the  piston  be  shoved  upwards  so  that 
the  space  occupied  by  the  gas  is  18  inches  long,  instead  of  36 
inches,  the  temperature  remaining  the  same  as  before,  it 
will  be  found  that  the  tension  of  the  gas  within  the  tube  is 
29.4  pounds  per  square  inch.  It  will  be  noticed  that  the 
volume  occupied  by  the  gas  is  only  half  that  in  the  tube 


ifi'  r.      'J  '1*;  v'AVTTi*:  :.av  ii;t'2i:r,  b*:*rr.  r*rc -j c^sd  <CQt-hxi2f,  2inc  the 

'J  s':  ^;/fe'>^  :ivw  '•-•'.-upi^^G  by  tbt  ^as  it  S*  rQcbe*-  j.cig:,  "■rbereas, 
M'/TK  *r,^.  yihl'jTA  va«^  izioxfr^l  it  was  30  iDcb-et  jc«ng  :  as  the 
tu^/«;  H'a^  ahiiurri*^  to  bt  of  mi  form  diaTDeter  ihrongiioiit  its 

\*-u'/'^)if  1  f J':  volufne  iv  uow  7  -  =  ;-  of  hs  original  volnme,  and 

jih  i/r*:h>MS':  is  '  "^  1-  i  times  its  original  pressure.     More- 

ov«  r,  if  tJj*;  t ':rf J j/<:raturc  of  the  confined  gas  remains  the 
i-.iiiii ,  t|j*:  j/ressure  and  volume  will  always  vary  in  a  similar 
way.  The  law  which  states  these  effects  is  called  Mariottcs 
I .fi'tif^  afi'l  i!>  a^  follows: 

1 0 19*  Mttrlottc'n  I>aw. —  /'//r  temperature  retnaining 
till'   Miitit^  tht'    ifiluinc  of  a  given   quantity  of  gas   varies 

uti'i  I  \t/y  lis  tilt  pnssurc. 

'Ih'-  iii'.'jnin;',  of  this  is  :  If  the  volume  of  the  gas  is 
i\\\\\\\\\..\\i  i\  \*i  J,  J,  J,  clr:.,  of  its  former  volume,  the  tension 
will  \)i-  iiK  \i-A.ii\  2,  JJ,  />,  etc.,  times,  or  if  the  outside  pres- 
:-.iM«'  Im-  iii<  nA^ri\  :i,  .'J,  5,  etc.,  timers,  the  volume  of  the  gas 
Will  In-  «hMiinish<-<l  to  .J,  JJ,  J,  (;tc.,  of  its  original  volume,  the 
iMiijH  I  .ii  iijr  MMiaininvc  constant.  It  also  means  that  if  a 
j/.i:^  )•>  iMuhr  a  rc-rlain  pressure,  and  the  pressure  is  dimin- 
'=''"''  '"  4.  If  I'lM  *■'*•»  "^  itsori^^inal  j)ressure,  that  the  volume 
ol  ihf  iMiihnnl  j.'.as  will  he  increased  2,  :5,  10,  etc.,  times — its 
h  h'^mii  «!••<  KMsiiij.'.  at  the  same  rate. 

Sii|i(Mi'»i'  ;i  nihic  \'rr\  of  air  to  be  under  a  pressure  of  GO 
|niiiiii|-»  |iii  rujuarc  inch  in  a  cylinder  fitted  with  a  movable 
|UMi..n,  thcii,  the  pnuUnl  of  liie  volume  and  pressure  is  3  X 
no  ISO  Let  the  vt>hnne  be  increased  to  0  cubic  feet,  then 
lh«    |iii-.-iuu'  will  be  :U)  poujids  per  square  inch,  and  30  X  0 

ISO,  aM  before.      Let  the  volume  be  increased  to  24  cubic 
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24 
feet,  it  is  then  -—  =  8  times  its  original  volume,  and  the 

o 

pressure  is  ^  of  its  original  pressure,  or  GO  X  i  =  7^  pounds, 

and  24  X  7^  =  180,  as  in  the  two  preceding  cases.     It  will 

now  be  noticed  that  if  a  gas  be  enclosed  within  a  confined 

space,  and  allowed  to  expand  without  losing  any  heat,  the 

product  of  the  pressure^  and  the  corresponding  volume  for  one 

position  of  the  piston^  is  the  same  as  for  any  other  position  of 

the  piston.     If  the  piston  were  to  compress  the  air,  the  same 

result  would  be  ob^ined. 

Let  /    =  pressure  for  one  position  of  the  piston ; 

p^  =  pressure  for  any  other  position  of  the  piston ; 

V   =  volume  corresponding  to  the  pressure/; 

v^  =  volume  corresponding  to  the  pressure  p^. 
Then,  pv=p^v^.  (53.) 

1050.  Knowing  the  volume  and  the  pressure  for  any 
position  of  the  piston,  and  the  volume  for  any  other  position, 
the  pressure  may  be  calculated,  or,  if  the  pressure  is  known 
for  any  other  position,  the  volume  may  be  calculated. 

Example. — If  1.875  cubic  feet  of  air  be  under  a  pressure  of  73 
pounds  per  square  inch  (a)  what  will  be  the  pressure  when  the  volume 
is  increased  to  2  cubic  feet  ?   {d)  to  3 cubic  feet  ?  (i)  to  9  cubic  feet  ? 

Solution. — Solving  formula  53,  for/i,  the  unknown  pressure, 

/  \      ji       P"^^       72x1.875       -^,  ,, 

(a)     px  =  ^ —  = 3 =  67i  lb.  per  sq.  m.     Ans. 

iji)     Px  = ^r-^^ =  45  lb.  per  sq.  in.     Ans. 

o 

/.\  JL  <vXl-H'«>  ir   M  '  A 

{f)      Pi  =         - =  15  lb.  per  sq.  m.     Ans. 

Example. — Ten  cubic  feet  of  air  have  a  tension  of  5.6  pounds  per 
s<iuareinch;  (t/)  what  is  ihe  volume  when  the  tension  is  4  pounds? 
(fi)  8  pounds  ?  {(')  25  pounds  ?  {d)  1(K)  pounds  ? 

Solution. — Solving  formula  53,  for  7'i, 

00  T'l  —'—7--  ■  ■-  —  /  -  -  --^  14  cu.  ft.     Ans. 

/«  4 

//v  •'»-^>  X  10      ^ 

\0)  I'x  = u —  <  cu.  ft.     Ans. 

o 

W  7'i  =  '—^ —  =  2.24  cu.  ft.     Ans. 

{d)  vx  -  — j^~-  =  .56  cu.  ft.    Ans. 
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pressure  is  the  same  as  before,  or  10  pounds  per  square  inch. 
If  more  heat  is  applied  until  the  temperature  of  the  gas  is 
34^  F.,  it  will  be  found  that  the  piston  has  again  risen,  and 
the  volume  again  increased,  while  the  pressure  still  remains 
the  same.  It  will  be  found  that  for  every  increase  of  tem- 
perature there  will  be  a  corresponding  increase  of  volume. 
The  law  which  expresses  this  change,  is  called  Gay-Lussacs 
Lau\  and  is  as  follows: 

1054.  Gay-Lussac*s  Lain.'. — If  the  pressure  remains 
constant^  every  increase  of  temperature  of  i°  F.  produces  in  a 
given  quantity  of  gas  an  expansion  of  -j-J^  of  its  volume  at 
32"  F. 

If  the  pressure  remains  constant,  it  will  also  be  found  that 
every  decrease  of  temperature  of  1°  F.,  will  cause  a  decrease 
of  j|  y  of  the  volume  at  32°  F. 
Let  V  =  original  volume  of  gas; 
v^  =  final  volume  of  gas; 

/  =  temperature  corresponding  to  volume  z'; 
/,  =  temperature  corresponding  to  volume  z\. 

That  is,  the  volume  of  gas  after  heating  {or  cooling)  equals 
the  original  volume,  multiplied  by  J^SO^  plus  the  final  tem- 
perature, divided  by  Jf60^  plus  the  original  temperature. 

ICxAMPLK.- -  5  ( iil)ic  feet  of  air  at  a  temperature  of  45"*,  are  heated 
under  constant  pressunr  up  to  177';  what  is  its  volume? 

Solution. — Applyinj^  formula  58, 

7,       r'l    ,,,  \--TA    .- .  :       ,.   I  -  (>.:{n7  eu.  ft.     Ans. 

I  ()55-  Suppose  that  a  (HTtain  volunu'  of  gas  is  confined 
in  a  vessel  so  tliat  it  cannot  exj)an(l ;  in  other  words,  sup- 
pose tliat  tlie  j)iston  of  the  cylinder  before  mentioned  to  be 
fastened  so  tliat  it  eannot  move.  Let  a  gauge  be  placed  on 
th(^  cylinder  so  that  the  tension  of  the  confined  gas  can  be 
registert!(l.  If  the  gas  is  heated,  it  will  be  found  that  for 
every  increase  of  temperature  of  1°  F.,  there  will  be  a  cor- 
responding increase  of   ^\^  of   the  tension.     That  is,   the 
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volume  remaining  constant,  the  tension  increases  ^^j  of  the 
original  tension  for  every  degree  rise  of  temperature. 

Let  /  =  the  original  tension ; 

/  =  the  corresponding  temperature ; 

/,  =  final  tension ; 

/,  =  final  temperature. 

'^*^-'  A=/(St7).  (59.) 

That  is,  i/  a  certain  quantity  of  gas  be  heated  {or  cooled) 
from  /°  to  /j°,  the  volume  remaining  constant^  the  resulting 
tension  /,  will  be  equal  to  the  origifial  tension^  multiplied 
by  460^  plus  the  final  temperature^  divided  by  JfiO^  plus  the 
original  tcjnperature. 

Example. — If  a  certain  quantity  of  air  is  heated  under  constant  vol- 
ume from  45"  to  177",  what  is  the  resulting  tension,  the  original  tension 
being  14.7  pounds  per  square  inch  ? 

Solution. — Applying  formula  59, 

1056.  According  to  the  modern  and  now  generally 
accepted  theory  of  heat,  the  atoms  and  molecules  of  all 
bodies  are  in  an  incessant  state  of  vibration.  The  vibratory 
movement  in  the  liquids  is  faster  than  in  the  solids,  and  in 
the  gases,  faster  than  in  either  of  the  other  two.  Any 
increase  of  heat  increases  the  vibrations,  and  a  decrease  of 
heat  decreases  them.  From  experiments  and  calculations 
based  upon  higher  mathematics,  it  has  been  concluded  that 
at  4G()'^  below  zero,  on  the  Fahrenheit  scale,  all  these  vibra- 
tions cease.  This  point  is  called  the  abnolute  zero,  and 
all  temperatures  reckoned  from  this  point  are  called  the 
absolute  temperatures.  The  point  of  absolute  zero  has 
never  been  reached,  the  lowest  recorded  temperature  being 
about  303°  F.  below  zero,  but,  nevertheless,  it  has  a  mean- 
ing, and  is  used  in  many  formulas,  being  nearly  always 
denoted  by  T.  The  ordinary  temperatures  are  denoted  by 
/.  When  the  word  temperature  alone  is  used,  the  meaning 
is  the  same  as  ordinarily  used,  but  when  absolute  tempera- 
ture is  specified,  460°  F.  must  be  added  to  the  temperature. 


The   iiv^.iTiD*     "jtmr^tnz.ir't    i  rr^c»  niiin;r    " '-    •!•'    -      ^ 


the  -*r't:nar-.'  ':.-*Tnr>^*c:ir*  mar  be  f'.iimi  *'r  jxibcracrrrg  -tr*> 
from  the  iJt^Mute  temcencar*. '  Thris.  the  ibscbrt^t  tem- 
^TitiiT't  ternqf  -S-iii*  F  .  ▼lar  ja  thri  t*nicerar3r»  ? 

Let/  =  pr*!«nr*  in  p»:rirj3  pnr  "i*;'iar';  inch: 
i'  —  v--.i-isie  '.t  air  in.  ctihio  fetct: 
T  =  ir>%ot:iie  tittaserar^r* : 

Then,  /  '  '  =  •  57- Vlt  J.         J  fiOl) 

That  U,  /^  pre  nun  in  fKstnJj  /^r  s^puire  imck^  mmltiflud 
hy  thf  't^olunu  of  tke  air  ik  CAbic  /Ve-r.  e'puiLs  ,'i7*\y2  tim^s  the 
abi/>lute  temptrature  cornsp^yiidtMj^  tj  tk:  p^essi^re  p  and 
volume  V, 

In  thi.^  formula,  the  weight  of  the  a:r  is  1  pound. 

KxAitrLK.  — Thft  prcsfture  ixpr,r*  *  cubic  feet  of  air  weighiog  1  pound 

f»  20  ^AirA%  p^r  %f\u^re  inch:  what  is  the  temperature  ? 

S'/r.r.'TiojJ.  —  Apply inflr  fr/rmula  60,  /  r=. 37063  7*.  or  30x9  = 

1¥> 
. JH^iW  /•;  h^Tir^,  r  =  —.75^  =  485.fr',  nearlT.     4jsxS^  -  4*)  =  25.8%  the 

temper  Aturf:.     An». 

Kx AMPLE,  —What  ift  the  volume  of  1  pound  of  air  whose  temperature 
In  Wf'  V.  un^ler  a  pre«wure  <A  one  atmosphere  ? 

JV;LT;Tfo.v.— Applyinj^  formula  60,  /  K=. 37052  T".     Substituting, 

H.7  /  K      .«70r,2  /  (i^)  ^  «0>  =  .37a52  x  520,   or    r=  -^'^^  X  520  _ 

VA.Un  <u)f\r.  ftu\.     Ans. 

I  Off  7.  If  thr;  wcijjht  of  the  air  be  greater  or  less  than  1 
poiinrl,  tlu;  following  formula  must  be  used: 

pr^.mm  IV r,      (ei.) 

That  is,  tlic  prt'ssurv  in  pounds  per  square  ineh,  viuliiplied 
fiy  the  volume  in  euhie  feet,  equals  .370/)^  times  the  weight  in 
pounds  multiplied  hy  the  absolute  temperature. 

V,\\s\v\.v.        Jlrnhi(   frrt  of  air  wrij^hinjj^  .35  jxiiind,  are  under  a  pres- 

%\\s\v  nf  |M  )MMin(tu  |M'r  H<|uarr  inch;  what  is  the  tcmiwrature  of  the  air  ? 

J'""fii..N.     AppIvinK  formula  «!,//'      .37052 /rz:    Substituting, 

•IM  .  II       :i7o.vj  .'  .35  V  /;    „r     T ^-.  -J^,^\^-,,r  -1.110.4%      Then, 

1,110  1       ion      nr.o..i  .    Aim. 
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Example. — ^What  is  the  weight  of  1  cubic  foot  of  air  at  a  tempera- 
ture of  32**,  and  under  a  pressure  of  one  atmosphere  ? 

Solution.— Applying  formula  61, /F=  .37052 ^r.  Substituting, 
147  X  1  =  .37052  X  (460  -f-  32)  X  IV,  or 

^=.3705tx492=-^^^^^^^-     ^^^ 
If  the  pressure  be  taken  as  14.69856  pounds  per  square  inch,  and  the 
absolute  zero  as  459.4'*,  instead  of  460"*  below  zero,  and  if  .370514  be 
used,  instead  of  .37052,  more  exact  values,  the  weight  of  1  cubic  foot 

Example. — What  is  the  exact  volume  of  1  pound  of  air  at  a  temper- 
ature of  32",  and 'at  a  pressure  of  one  atmosphere  ?  Take  absolute  zero 
at  459.4,  and  the  pressure  as  14.69856  pounds  per  square  inch. 

Solution.—    /F=  .370514  M>'7;    or    14.69856  x  F  =  .370514x  1  X 

(459.4  +  32).      F==  '^^^^ji^^a^'"^  =  12.387  cu.  ft.     Ans, 

14.0VO00 

1 058.  If  in  the  formula  /  F  =  .  37052  IV  T,  both  sides  of 
the  equation  be  divided  by   T  (which,  of  course,  does  not 

alter  the  equality),  there  results  the  expression  ^-rp  =  .37052 

IV,     Let  /j,  V^  and  T^  represent  the  pressure,  volume  and 
temperature  of  the  same  weight  of  air  in  another  state; 

then, /.F,  =  .  37052  Jf"r,.     Dividing  both  sides  by   T,,  ^^ 

=  . 37052  H^.     Therefore,  since  ^-rp  and'^-l^  are  equal  to  the 

same  thing  (i.  e.,. 37052 TF),  they  are  equal  to  each  other, 
and 

1 

This  very  important  formula  is  the  complete  expression 
of  Gay-Lussac's  law,  and  is  true  for  any  of  the  so-called  per- 
manent gases.  It  was  from  this  formula  that  formulas  58 
and  59  were  derived.     Thus,  let  the  pressure  be  constant; 

.>,»,,=,„  and /l-=4i.,.,>a=r(--+4.). 

pv 

Similarly,  letting  the  volume  be  constant,  F=  F",,  and '^ 
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=  ^,  or  /,  =  ^-i  =/(^^^]|]/j-     So,  also,  by  letting  the 

pV     t>  V 
temperature  be  constant,  T=^  T^  and  -y^  ='^-^,  or  j>V  = 

J>^l\y  which  is  the  same  as  formula  53. 

1 059.  In  formulas  53, 62,  63,  and  64,  it  matters  not 
with  what  units  the  pressures  and  volumes  are  measured, 
except  that  they  must  be  the  same  throughout  the  same 
example,  and  the  pressures  must  always  be  absolute  pressures. 


BXAMPLBS    FOR    PRACTICE. 

1.  A  vessel  contains  25  cubic  feet  of  gas  at  a  pressure  of  18  pounds 
per  square  inch ;  if  125  cubic  feet  of  gas  having  the  same  pressure  are 
forced  into  the  vessel,  what  will  be  the  resulting  pressure? 

Ans.  108  lb.  per  sq.  in. 

2.  A  pound  of  air  has  a  temperature  of  12^\  and  a  pressure  of  1 
atmosphere;  w^hat  volume  does  it  occupy?  Ans.  14.77  cu.  ft. 

3.  The  volume  of  steam  in  the  cylinder  of  a  steam  engine  at  cut-off 
is  1.35  cubic  foot,  and  the  pressure  is  85  pounds  per  square  inch;  if  the 
pressure  at  the  end  of  the  stroke  is  25  pounds  per  square  inch,  what  is 
the  new  volume?  Ans.  4.59  cu.  ft. 

4.  A  certain  quantity  of  air  has  a  volume  of  26.7  cubic  feet,  a  pres- 
sure of  19.3  pounds  per  square  inch,  and  a  temperature  of  42";  what  is 
the  weight?  Ans.  2.77  lb. 

5.  A  receiver  contains  180  cubic  feet  of  gas  at  a  pressure  of  20 
pounds  per  square  inch;  if  a  vessel  holding  12  cubic  feet,  to  be  filled 
from  the  receiver  until  its  pressure  is  20  ix)unds  per  square  inch,  what 
will  be  the  pressure  in  the  receiver?  Ans.  18|  lb.  per  sq.  in. 

6.  10  cubic  feet  of  air  having  a  pressure  of  22  pounds  per  square 
inch,  and  a  temperature  of  75',  are  heated  until  the  temperature  is  300"; 
the  volume  remaining  the  same,  what  is  the  new  pressure? 

Ans.  31.25  lb.  per  sq.  in. 

7.  If  a  spherical  shell  whose  outside  diameter  is  18  inches,  has  a  part 
of  the  air  within  it  removed  until  the  pressure  is  5  pounds  per  square 
inch,  what  is  the  total  pressure  due  to  the  atmosphere  tending  to  crush 
the  shell  ?  Ans.  9,873.42  lb. 

THE    MIXING    OF    GASES. 

lOBO.  If  two  liquids  which  do  not  act  chemically  upon 
each  other  are  mixed  together  and  allowed  to  stand,  it  will 
be  found  that  after  a  time  the  two  liquids  have  separated. 
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and  that  the  heavier  has  fallen  to  the  bottom.  If  two  equal 
vessels,  containing  gases  of  different  densities,  be  put  in  com- 
munication with  each  other,  they  will  be  found  to  have 
mixed  in  equal  proportions  after  a  short  time.  If  one  vessel 
be  higher  than  the  other,  and  the  heavier  gas  be  in  the 
lower  vessel,  the  same  result  will  occur.  The  greater  the 
difference  of  the  densities  of  the  two  gases,  the  quicker  they 
will  mix.  It  is  assumed  that  no  chemical  action  takes  place 
between  the  two  gases.  When  the  two  gases  have  the  same 
temperature  and  pressure,  the  pressure  of  the  mixture  will 
be  the  same ;  this  is  evident,  since  the  total  volume  has  not 
been  changed,  and  unless  the  volume  or  temperature 
changes,  the  pressure  cannot  change.  This  property  of  the 
mixing  of  gases  is  a  very  valuable  one,  since,  if  they  acted 
like  liquids,  carbonic  acid  gas  (the  result  of  combustion), 
which  is  2^  times  as  heavy  as  air,  would  remain  next  to  the 
earth,  instead  of  dispersing  into  the  atmosphere,  the  result 
being  that  no  animal  life  could  exist. 

1061*  Mixtures  of  Equal  Volumes  of  .Gases 
Having  Unequal  Pressures. — If  two  gases  having  equal 
volumes  and  temperatures^  but  different  pressures^  be  mixed 
in  a  vessel  whose  volume  equals  one  of  the  equal  volumes  of 
the  gas ^  the  pressure  of  the  mixture  will  be  equal  to  the  sum 
of  the  two  pressures^  provided  that  the  temperature  remains 
the  same  as  before. 

Example. — Two  vessels  containing  3  cubic  feet  of  gas,  each  at  a 
temperature  of  60',  and  subjected  to  pressures  of  40  pounds  and  25 
pounds  per  square  inch,  respectively,  are  placed  in  communication 
with  each  other,  and  all  the  gas  is  compressed  into  one  vessel.  If  the 
temperature  of  the  mixture  is  also  60",  what  is  the  pressure  ? 

Solution. — According  to  the  rule  just  given,  the  pressure  will  be 
40  -f-  25  =  65  pounds  per  square  inch.  This  may  be  proven  by  applica- 
tions of  Mariotte's  law ;  thus,  compress  the  gas  whose  pressure  is  25 
pounds  per  square  inch  until  its  pressure  is  40  pounds ;  its  volume  may 
be  found  thus:  pv—p^Vx,  or  25  X  3  =  40  X  7^ ;  whence,  v  =  1.875 
cubic  feet  Let  communication  be  established  between  the  two 
vessels,  the  pressure  will  evidently  be  40  pounds  and  the  total  volume 
8  -f  1.875  =  4.875  cubic  feet.  If  this  be  compressed  until  the  volume  is 
3  cubic  feet,  the  temperature  remaining  at  60^  throughout  the  whole 
operation,  the  final  pressure  may  be  found  by  formula  53,/  v—px  Vu 
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40  V  4  875 
Thus.  40  X  4.875  =/i  X  3,  and/i  =  .,  =  65  pounds  per  square 

inch,  as  before. 

1062.  Mixture  of  Tiw^o  Gases  Having  Unequal 
Volumes  and  Pressures. 

Let  V  and  /  be  the  volume  and  pressure,  respectively,  of 
one  of  the  gases. 

Let  i\  and  /,  be  the  volume  and  pressure,  respectively,  of 
the  other  gas. 

Let  V  and  P  be  the  volume  and  pressure,  respectively,  of 
the  mixture.     Then,  if  the  temperature  remains  the  same, 

FP='.'/  +  i'.A-         (63.) 
That  is,  if  the  temperature  is  constant^  the  volutne  after 
mixture^  multiplied  by  the  resulting  pressure^  equals  the  vol- 
ume of  one  gas  before  mixturd  multiplied  by  its  pressure^  plus 
the  volume  of  the  other  gas  multiplied  by  its  pressure. 

Example. — Two  gases  of  the  same  temperature,  having  volumes  of 
7  cubic  feet  and  4^  cubic  feet,  and  whose  pressures  are  27  pounds  and 
18  pounds  per  square  inch,  respectively,  are  mixed  together  in  a  vessel 
whose  volume  is  10  cubic  feet.  The  temperature  of  the  two  gases  and 
of  the  mixture  being  60°  F.,  what  is  the  resulting  pressure  ? 

Solution. — Applying  formula  63,  P  V  =  pv  -\-PiVu  or  /*  X  10  = 

27  X  7  -f-  4|  X  18.     Hence,  P  = :^ —  =  27  lb.  per  sq.  in.     Ans. 

1063.  Mixture  of  Two  Volumes  of  Air  Having 
Unequal  Prensures,  Volumes,  and  Temperatures. 

If  a  body  of  air  having  a  temperature  /,,  a  pressure  /„ 
and  a  volume  t/,  be  mixed  with  another  volume  of  air  having 
a  temperature  /^,  a  pressure  /„  and  a  volume  v^,  to  form  a 
volume  F  having  a  pressure  P  and  a  temperature  /,  then, 
cither  the  new  temperature  /,  the  new  volume  F,  or  the  new 
pressure  P  may  be  found,  if  the  other  two  quantities  are 
known,  by  the  following  formula,  in  which  7",,  7",,  and  T'are 
the  absolute  temperatures  corresponding  to  /,,  /„  and  /: 

PV=  [AJX  +  AllJ  T,  (64.) 
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Example. — Five  cubic  feet  of  air  having  a  tension  of  80  pounds  per 
square  inch,  and  a  temperature  of  80"  F.,  are  required  to  be  compressed 
together  with  11  cubic  feet  of  air  having  a  tension  of  21  pounds  per 
square  inch,  and  a  temperature  of  46"  F.,  in  a  vessel  whose  cubical 
contents  are  8  cubic  feet  The  new  pressure  is  required  to  be  45 
pounds  per  square  inch.     What  is  the  temperature  of  the  mixture  ? 

Solution. — Substituting  in  formula  64, 
360 


ry*. 


352 


=  489.66",  nearly,  and  /  =  29.66".    Ans. 
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1.  Two  vessels  contain  air  at  pressures  of  60  and  83  pounds  per 
square  inch.  The  volume  of  each  vessel  is  8.47  cubic  feet.  If  all  of 
the  air  in  both  vessels  is  removed  to  another  vessel,  and  the  new 
pressure  is  100  pounds  per  square  inch,  what  is  the  volume  of  the 
vessel,  the  temperature  being  the  same  throughout  ? 

Ans.  12.11  cu.  ft. 

2.  A  vessel  contains  11.83  cubic  feet  of  air  at  a  pressure  of  33.3 
pounds  per  square  inch.  It  is  desired  to  increase  the  pressure  to 
40  pounds  per  square  inch  by  supplying  air  from  a  second  vessel  which 
contains  19.6  cubic  feet  of  air  at  a  pressure  of  60  pounds  per  square 
inch.  What  will  be  the  pressure  in  the  second  vessel  after  the  pressure 
in  the  first  has  been  raised  to  40  pounds  per  square  inch  ? 

Ans.  55.96  lb.  per  sq.  in. 

3.  If  48  cubic  feet  of  air  having  a  tension  of  52  pounds  per  square 
inch  and  a  temperature  of  170"  are  mixed  with  13  cubic  feet  having  a 
tension  of  78  pounds  per  square  inch  and  a  temperature  of  265",  what 
must  be  the  volume  of  the  vessel  containing  the  mixture  in  order  that 
the  tension  of  the  mixture  may  be  80  pounds  per  square  inch  and  the 
temperature  80"  ?  Ans.  32.31  cu.  ft. 

PNEUMATIC  MACHINES. 


THE   AIR   PUMP. 

1004*  The  air  pump  is  an  instrument  for  removing 
air  from  an  enclosed  space.  A  section  of  the  principal  parts 
is  shown  in  Fig.  192,  and  the  complete  instrument  in  Fig. 
193.  The  closed  vessel  R  is  called  the  receiver,  and  the 
space  which  it  encloses  is  that  from  which  it  is  desired  to  re- 
move the  air.     The  receiver  is  usually  made  of  glass,  and 
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the  edges  are  ground  so  as  to  be  perfectly  air-tight.     When 
made  in  the  form  shown,  it  is  called  a  bell  Jar  receiver. 


^^^i^^i^-^ 


The  receiver  rests  upon  a  horizontal  plate  in  the  center  of 
which  is  an  opening  communicating  with  the  pump  cylinder 
C  by  means  of  a  bent 
tube  /.  The  pump  pis- 
ton fits  the  cylinder  ac- 
curately, and  has  a  valve 
I "  opening  upwards. 
At  the  junction  of  the 
tube  with  the  cylinder 
is  another  valve  Valso 
opening  u]>wards.  When 
the  piston  is  raised  the 
valve  I"  closes,  and, 
since  no  air  can  get  into 
the  cylinder  from  above, 
the  piston  leaves  a  vac- 
uum behind  it.  The 
pressure  on  top  of  f 
being  now  removed,  the 
tension  of  the  air  in  the 
receiver  A'  causes  V  to 
rise;  the  air  in  the  receiver  then  expands  and  occupies  the 
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space  displaced  by  the  piston,  the  space  in  the  tube  /  and  in 
the  receiver  R.  The  piston  is  now  pushed  down,  the  valve  V 
closes,  the  valve  V  opens,  and  the  air  in  C  escapes.  The 
lower  valve  V  is  sometimes  supported,  as  shown  in  Fig.  192, 
by  a  metal  rod  passing  through  the  piston  and  fitting  it  some- 
what tightly.  When  the  piston  is  raised  or  lowered,  this  rod 
moves  with  it.  A  button  near  the  upper  end  of  the  rod  con- 
fines its  motion  to  within  very  narrow  limits,  the  piston 
sliding  upon  the  rod  during  the  greater  part  of  the  journey. 

1065*  Degrees  and  Limits  of  Extiaustlon. — Sup- 
pose that  the  volume  of  K  and  /  together  is  four  times  that 
of  Cy  and  that  there  are,  say,  200  grains  of  air  in  R  and  /,  and 
50  grains  in  C,  when  the  piston  is  at  the  top  of  the  cylinder. 
At  the  end  of  the  first  stroke,  when  the  piston  is  again  at 
the  top,  50  grains  of  air  in  the  cylinder  C  will  have  been  re- 
moved, and  the  200  grains  in  R  and  /  will  occupy  the  spaces 
Ry  /,  and  C.  The  ratio  between  the  sum  of  the  spaces  R  and 
/  and  the  total  space  /J+Z-f-Cisf;  hence,  200X^=160 
grains  =  the  weight  of  air  in  R  and  /  after  the  first  stroke. 
After  the  second  stroke,  the  weight  of  the  air  in  R  and  / 
would  be  (200  X  i  X  4  =200  X  (|)'  =  200  XVs=  1-^  grains. 
At  the  end  of  the  third  stroke,  the  weight  would  be  [200  X 
(!)•]  X  i  =  200  X  ity  =  200  X  iV^  =  l^>^^-4  grains.  At  the 
end  of  n  strokes,  the  weight  would  be  200  X  Q)".  It  is 
evident  that  /*/  is  impossible  to  remove  ail  of  the  air  that  is 
contained  in  R  and  t  by  this  method.  It  requires  an  exceed- 
ingly good  air  pump  to  reduce  the  tension  of  the  air  in  R  to 
-^  of  an  inch  of  mercury.  When  the  air  has  become  so 
rarefied  as  this,  the  valve  P  will  not  lift,  and,  consequently, 
no  more  air  can  be  exhausted. 

1066.  Sprenfirers  Air  Pump.— In  Fig.  194,  r  ^/  is  a 
glass  tube  longer  than  30  inches,  open  at  both  ends,  and 
connected  by  means  of  India  rubber  tubing  with  a  funnel 
A  filled  with  mercury  and  supported  by  a  stand.  Mercury 
is  allowed  to  fall  into  this  tube  at  a  rate  regulated  by  a  clamp 
at  c.     The  lower  end  of  the  tube  c  d  fits  in  the  flask  By  which 
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has  a  spout  at  the  side  a  little  higher 
C  d\  the  upper  part  has  a  branch  at 


R  can  be  tightly  fixed.     Whi 


than  the  lower  end  of 
X  to  which  a  receiver 
the  clamp  at  c  is  opened 
the  first  portions  of  the 
mercury  which  run  out 
close  the  tube  and  prevent 
air  from  entering  from 
below.  These  drops  of 
mercury  act  like  little  pis- 
tons, carrying  the  air  in 
front  of  them  and  forcing 
it  out  through  the  bot- 
tom of  the  tube.  The  air 
in  R  expands  to  fiU  the 
tube  every  time  that  a 
drop  of  mercury  falls,  thus 
creating  a  partial  vacuum 
in  R,  which  becomes  more 
nearly  complete  as  the 
process  goes  on.  The  es- 
caping mercury  falls  into 
the  dish  H,  from  which  it 
can  be  poured  backintotbe 
funnel  from  time  to  time. 
As  the  exhaustion  from  R 
goes  on,  the  mercury  rises 
in  the  tube  c  d  until,  when 
the  exhaustion  is  complete, 
it  forms  a  continuous  col- 
umn 30  inches  high;  in 
other  words,  it  is  a  barom- 
eter, whose  Torricellian 
^t"'  ••*■  vacuum  is  the  receiver  R. 

This  instrument  necessarily  requires  a  great  deal  of  time  for 
its  operation,  but  the  results  are  very  complete,  a  vacuum  of 
niinr  of  an  inch  of  mercury  being  sometimes  obtained.  By 
use  of  chemicals  in  addition  to  the  above,  a  vacuum  of 
jTt'oTnF  of  an  inch  of  mercury  has  been  obtained. 


I 
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67>      Ndte.—A  theoretically  jierfecl 
called  a  Torrlcvlllun  vacuum. 


1068.  MagdeburK  IlemlHptaeres. — By  means  of 
the  two  hemispheres  shown  in  Fig.  105,  it  can  be  proven 
that  the  atmosphere  presses  upon  a  body  equally  in  all  direc- 
tions. They  were  invented  by  Otto  Von  Guericke,  of 
Magdeburg,  and  arc  called  the  Masde- 
buric  hemlsplieres.  One  of  the  hem 
ispheres  is  provided  with  a  stop-cock,  by 
which  it  can  be  screwed  on  to  an  air 
pump.  The  edges  fit  accurately  and  are 
well  greased,  so  as  to  be  air-tight, 
long  as  the  hemispheres  contain  air,  they 
can  be  separated  with  ease;  but  when  the 
air  in  the  interior  is  pumped  out  by  ( 
means  of  an  air  pump,  they  can  be  sepa- 
rated only  with  great  difficulty.  The 
force  required  to  separate  them  will  be 
equal  to  the  area  of  the  largest  circle  of 
the  hemisphere  (projected  area)  in  square 
inches,  multiplied  by  14. Tpounds. 

This  force  will  be  the  same  in  whatever 
position   the    hemisphere    may   be    held,  ^"'-  '*■ 

thus  proving  that  the  pressure  of  air  upon  it  is  the  same  in 
all  directions. 


1069.  The  W^Blfctit  Lifter.— The  pressure  of  the 
atmosphere  is  very  clearly  shown  by  means  of  an  apparatus 
like  that  illustrated  in  Fig.  19fi.  Here,  a  cylinder  fitted 
with  a  piston  is  held  in  suspension  by  a  chain.  At  the  top  of 
the  cylinder  is  a  plug  A,  which  can  be  taken  out.  This 
plug  is  removed,  the  piston  pushed  up  (the  force  necessary 
being  equal  to  the  weight  of  the  piston  and  rod  B)  until 
it  touches  the  cylinder  head.  The  plug  is  then  screwed  in, 
and  the  piston  will  remain  at  the  top  until  a  weight  has  been 
hung  on  the  rod  equal  to  the  area  of  the  piston,  multiplied 
by  14.7  pounds,  less  the  weight  of  the  piston  and  rod.  If 
a  force  was  applied  to  the  rod  sufficiently  great  to  force  the 
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piston  downwards,  it  wfnild  raise  any  weight  less  than  the 
above  to  the  top  of  the  cylinder.  Suppose  the  weight  to 
be  removed,  and  the  piston  to  be  supported,  say  midway 
of  the  length  of  the  cylinder.  Let  the  plug  be  removed  and 
air  admitted  above  the  piston,  then  screw  the  plug  back 
into  its  place;  if  the  piston  be  shoved  upwards,  the  farther 
up  it  goes,  the  greater  will  be  the  force 
necessary  to  push  it,  on  account  of  the  com- 
pression of  the  air.  If  the  piston  is  ot 
large  diameter,  it  will  also  require  a  great 
:<-  to  pull  it  out  of  the  cylinder,  as  a  little 
sideration  will  show.  For  example,  let 
■"  the  diameter  of  the  piston  be  20  inches,  the 
length  of  the  cylinder  3C  inches,  plus  the 
thii.kness  of  the  piston,  and  the  weight  of 
the  piston  and  rod  KM)  pounds.  If  the  pis- 
ton is  in  the  middle  of  the  cylinder,  there 
will  be  18  inches  of  space  above  it,  and  18 
inches  of  space  below  it.  The  area  of  the 
piston  IS  Hi'  X  .7854=  3l4.Ifi  square  inches, 
and  the  atmospheric  pressure  upon  it  is 
314.16  X  14.7  ^  4,018  pounds,  nearly.  In 
order  to  shove  the  piston  upwards  9  inches, 
the  pressure  upon  it  must  be  twice  as  great, 
or  !3,23()  pounds,  and  to  this  must  be  added 
the  weight  of  the  piston  and  rod,  or 
0,230  4-  100  =  tl,336  pounds.  The  force 
necessary  to  cause  the  piston  to  move  up- 
wards i)  inches  would  then  be  9,336  —  4,61t 
—  4,718  pounds.  Now,  suppose  the  piston 
to  be  moved  downwards  until  itisjustonthe 
ptfint  of  being  pulled  out  of  the  cylinder.  The  volume 
nlHtvc  it  will  then  be  twice  as  great  as  before,  and  the  pres- 
sure one-half  as  great,  or  4,018 -=- 2  =  2,309  pounds.  The 
total  upward  pressure  will  be  the  pressure  of  the  atmosphere 
Imh  the  weight  of  the  piston  and  rod,  or  4.G18  —  lOU  =  4,518 
jKiundii,  and  the  force  necessary  to  pull  it  downwards  to  this 
pciint  will  be  4,fil8  —  2,a09  =  2,209  pounds. 
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1070.     The  Baroscope. — The  buoyant  effect  of  air  ts 

very  clearly  shown  by  means  of  an  instrument  called  the 
baroscope,  shown  in  Fig.  197. 
It  consists  of  a  scale  beam,  from 
one  extremity  of  which  is  sus- 
pended a  small  weight,  and  from 
the  other  a  hollow  copper  sphere. 
In  air  they  exactly  balance  each 
other;  but  when  placed  under  the 
receiver  of  an  air  pump  and  the 
air  exhausted,  the  sphere  sinks, 
showing  that  it  is  really  heavier 
than  the  small  weight.  Before 
the  air  is  e.vhausted,  each  bodyS 
is  buoyed  up  by  the  weight  of 
the  air  it  displaces,  and  since  the  fig.  197. 

sphere  displaces  the  most  air,  it  loses  more  weight  by  reason 
of  this  displacement  than  the  small  weight.  Suppose  that 
the  volume  of  the  sphere  exceeds  that  of  the  weight  by  10 
cubic  inches;  the  weight  of  this  volume  of  air  is  3.1  grains. 
If  this  weight  be  added  to  the  small  weight,  it  will  overbal- 
ance the  sphere  in  air,  but  will  exactly  balance  it  in  a 
vacuum. 


AIR   COMPRESSORS. 

1071*  For  many  purposes  compressed  air  is  preferable 
to  stearo  or  other  gas  for  use  as  a  motive  power.  In  such 
cases  air  compressors  are  used  to  compress  the  air.  These 
are  made  in  many  forms,  but  the  most  common  one  is  to 
place  a  cylinder,  called  the  air  cylinder,  in  front  of  the  cross- 
head  of  a  steam  engine,  so  that  the  piston  of  the  air  cylinder 
can  be  driven  by  attaching  its  piston  rod  to  the  cross-head, 
in  a  manner  similar  to  a  steam  pump.  A  cross-section  of 
the  air  cylinder  of  a  compressor  of  this  kind  is  shown  in  Fig, 
198,  in  which  A  is  the  piston  and  /i  is  the  piston  rod,  driven 
by  the  cross-head  of  a  steam  engine  not  shown  in  the  figure. 
\  Both  ends  of  the  lower  half  of  the  cylinder  are  fitted  with 
I  inlet   valves   D  and  D' ,  which  allow   the   air   to  enter  the 


PNFATMATICS. 


cylinder,  and  both  ends  of  the  upper  half  are  fitted  with 
discharge  valves  F  and  /"',  which  allow  the  air  to  escape 
from  the  cylinder  after  it  has  been  compressed  to  the 
required  pressure. 

Suppose  the  piston  A  to  be  moving  in  the  direction  of  the 
arrow;  then  the  inlet  valves  D  in  the  left-hand  end  of  the 
cylinder  from  which  the  piston  is  moving  will  be  forced 
inwards  by  the  pressure  of   the   atmosphere,  which   over- 


V\a.  188, 

comes  the  resistance  of  the  light  spring  C,  thus  allowing 
the  air  to  flow  in  and  fill  the  cylinder.  On  the  other  side  of 
the  piston,  the  air  is  being  compressed,  and,  consequently, 
it  acts  with  the  springs  S  to  force  the  inlet  valves  If  in  the 
right-hand  end  of  the  cylinder  to  their  seats.  In  the  right- 
hand  end  of  the  cylinder,  the  discharge  valves  F'  are 
opened  when  the  pressure  of  the  air'in  the  cylinder  is  great 
enough  to  overcome  the  resistance  of  the  light  springs  R' 


k. 
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and  the  tension  of  the  air  in  the  passages  leading  to  the 
discharge  pipe  H^  and  the  discharge  valves  F  are  pressed 
against  their  seats  by  the  springs  E  and  the  tension  of  the 
air  in  the  passages.  Suppose  it  is  desired  to  compress  the 
air  to  59  pounds  per  square  inch,  and  we  wish  to  find  at  what 
point  of  the  stroke  the  discharge  valves  will  open.  Now, 
59  pounds  per  square  inch  equals  a  pressure  of  4  atmospheres, 
very  nearly ;  hence,  when  the  pressure  in  the  cylinder  be- 
comes great  enough  to  force  air  out  through  the  discharge 
valves,  the  volume  must  be  one-quarter  of  the  volume  at 
atmospheric  pressure,  or  the  valves  will  open  when  the  pis- 
ton has  traveled  three-quarters  of  its  stroke,  provided  the 
air  be  compressed  at  constant  temperature. 

The  air,  after  being  discharged  from  the  cylinder,  passes 
out  through  the  delivery  pipe  H^  and  from  thence  is  con- 
veyed to  its  destination.  It  was  shown  in  the  early  part  of 
this  paper  that  when  air  or  any  other  gas  was  compressed 
its  temperature  was  increased.  For  high  pressures  this  in- 
crease of  temperature  becomes  a  serious  consideration,  for 
two  reasons:  1st.  When  the  air  is  discharged  at  a  high 
temperature,  the  pressure  falls  considerably  when  it  has 
cooled  down  to  its  normal  temperature,  and  this  represents 
a  serious  loss  in  the  economical  working  of  the  machine. 
2d.  The  alternate  heating  and  cooling  of  the  compressor 
cylinder  by  the  hot  and  cold  air  is  very  destructive  to  it, 
and  increases  the  wear  to  a  great  extent.  To  prevent  the 
air  from  heating,  cooling  devices  are  resorted  to,  the  most 
common  one  being  the  so-called  -water  Jacket.  This  is 
effected  in  the  following  manner:  The  cylinder  walls  are 
hollow,  as  shown  in  the  cut;  the  cold  water  enters  this 
hollow  space  in  the  cylinder  wall  through  the  pipe  K  K^  and 
flows  around  the  cylinder,  finally  passing  out  through  the 
discharge  pipe  Z.  The  water  tends  to  keep  the  cylinder 
walls  cold,  and  these  cool  the  air  as  it  is  compressed. 

1072.     Til©     Cartesian     Diver.  —  The     instrument 

shown  in  Fig.  199,  called  the  cartesian  diver,  illustrates 
the  elasticity  of  air  and  the  transference  of  pressure  in  all 
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difcctkms  in  water.  It  cnnststs  at  a  glass  jar  filln 
water,  having  a  rubber  bnib  at  the  top  filled  with  air.  The 
image  in  tbe  jar  is  made  of  glass  and 
is  hollow,  the  weight  being  less  than  an 
equal  volume  of  water,  so  that  it  will 
float  at  the  lop  of  the  jar.  The  tail  of 
the  image  has  a  bole  in  it,  the  water 
being  prevented  from  getting  inside 
of  the  image  by  the  tension  of  the  air 
within  it.  If  the  bulb  be  squeezed,  the 
air  in  it  will  be  forced  out,  creating  a 
pressure  upon  the  water  which,  being 
transferred  in  all  directions,  causes  the 
water  to  flow  into 
the  tail  of  the  im- 
age, compressing 
tlie  air  inside,  and 
ihustausing  it  to 
fall  to  the  bottom 
of  the  jar.  When 
the  bulb  is  re- 
leased, the  air 
no.  in.  fldwsbackintoit; 

the  pressure  upon  the  water  is  re- 
moved, the  air  within  the  image  ex- 
piindM  ;  the  image,  again  becoming 
lighter  than  water,  rises  to  the  top 
of  the  j;ir. 

1073.    Hero "h  Fountain. -He- 
rn'N  fuun tain  dt; rives  Its  name  from 

its     inventor,    Hero,   who    liv«d    at 
Alexandria   120  B,  C.    Il  is  shown  in 
Fig,  WO.     It  depends  for  its  opera- 
tion upon  the  clastic  properties 
of  air.    Itconsistsof  u  brass  dish 
A,  and  two  glass  globes  /t  and 
C.  The  dish  communicates  with 
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Tower  part  of  the  globe  £"  by  a  long  tube  D,  and  another 

tube   E   connects  the   two   globes.      A   third   tube   passes 

through  the  dish  A  to  the  lower  part  of  the  globe  B.     This 

last  tube  being   taken   out,   the  globe  B  is  partially  filled 

I  Trith  water;  the  tube  is  then  replaced  and  water  is  poured 

I  into  the  dish.     The  water  flows  through  the  tube  D  into  the 

[  lower  globe,  and  expels  the  air,  which  is  forced  into  the  up- 

k  per  globe.     The  air  thiis  compressed  acts  upon  the  water 

L  and  makes  it  jet  out  through  the  shortest  tube,  as  repre- 

I  sented  in  the  figure.     Were  it  not  for  the  resistance  of  the 

I  atmosphere  and  friction,  the  water  would  rise  to  a  height 

above  the  water  in  the  dish  equal  to  the  difference  of  the 

level  of  the  water  in  the  two  globes. 


THE    SIPHON. 

1074.     The  action  of  the  siphon  illustrates  the  effect 
[  of   atmospheric  pressure.     It    is    simply    a    bent   tube    of 

unequal  branches,  open  at  both  ends,  and  is  used  to  convey 

\  liquid  from  a  higher  point  to 
I  a  lower,  over  an  intermediate 
I  point  higher  than  either.  In 
I  Fig.  201,  A  and  B  are  two  ves- 
[  sets,  B  being  lower  than  A,  and 
\  A  C  B  is  the  bent  tube  or  s 
I  phon.  Suppose  this  tube  to  be  1 
]  filled  with  water  and  placed  in 
I  the  vessels,  as  shown,  with  the 
I  short  branch  A  C  in  the  vessel 
I  A.  The  water  will  flow  from 
[  the  vessel  A  into  B,  so  long  as 
:  level  of  the  water  in  B  is 
ow  the  level  of  the  water  in 
L  A,  and  the  level  of  the  water  in 
f  >4  is  above  the  lower  end  of  the 

L  tube  A    C.       The  atmospheric  fig.  mi. 

I  pressure  upon  the  surfaces  of  A  and  B  tends  lo  force  the 
■water  up  the  tubes  .<4  Cand/>'  C.  When  the  siphon  is  filled 
■with  water,  each  of  these  pressures  is  counteracted  in  part  by 
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the  pressure  of  the  water  in  that  branch  of  the  siphon  which 
is  immersed  in  the  water  upon  which  the  pressure  is  exerted 
The  atmospheric  pressure  opposed  to  the  weight  of  the 
longer  column  of  water  will,  therefore,  be  more  resisted 
than  that  opposed  to  the  weight  of  the  shorter  column ;  con- 
sequently, the  pressure  exerted  upon  the  shorter  column 
will  be  greater  than  that  upon  the  longer  column,  and  this 
excess  pressure  will  produce  motion. 

Let  A  =  the  area  of  the  tube  in  square  inches. 

h=^  D  C  =^  the  vertical  distance  in  inches  between  the 
surface  of  the  water  in  B  and  the  highest 
point  of  the  center  line  of  the  tube. 
h^  =  E  C  =^  the  distance  in  inches  between  the  surface 

of  the  water  in  A  and  the  highest  point  of 
the  center  line  of  the  tube. 

The  weight  of  the  water  in  the  short  column  is  .03617  A  A^, 
and  the  resultant  atmospheric  pressure,  tending  to  force  the 
water  up  the  short  column,  is  14.7  X  -^  —  .03617  A  //,. 
The  weight  of  the  water  in  the  long  column  is  .03617  A  A, 
and  the  resultant  atmospheric  pressure,  tending  to  force 
the  water  up  the  long  column,  is  14.7  A  —  .03617  A  h. 
The  difference  between  these  two  is  (14.7  A  —  .03617-^  //,) 
-  (14.7y^  -  .03017  A  h)  =  .03617  A{/i  -  //,).  But  A  -  A, 
=  E  £}  =  the  difference  between  the  levels  of  the  water  in 
the  two  vessels.  To  find  the  discharge  from  a  siphon,  use 
the  difference  /i  —  //,,  reduced  to  feet,  as  the  head,  and  the  total 
length  of  the  siphon  between  the  two  water  levels,  as  the 
length  of  the  pipe ;  the  discharge  may  then  be  calculated  by 
formula  50,  Art.  1032. 

It  will  be  noticed  that  the  short  column  must  not  be 
higher  than  34  feet  for  water,  or  the  siphon  will  not  work, 
since  the  pressure  of  the  atmosphere  will  not  support  a 
column  of  water  that  is  higher  than  34  feet;  28  feet  is  con- 
sidered to  be  the  greatest  height  for  which  a  siphon  will 
work  well. 

1075.  Intermittent  Sprln^H. — Sometimes  a  spring 
is  observed  to  flow  for  a  time  and  then  cease ;  then,  after  an 
interval,  to  flow  again  for  a  time.     The  generally  accepted 
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explanation  of  this  is  that  there  is  an  underground  reservoir 
fed  with  water  through  fissures  in  the  earth,  as  shown  in 
Fig.  202.  The  outlet  for  the  water  is  shaped  like  a  siphon, 
as  shown.  When  the  water  in  the  reservoir  reaches  the  same 
height  as  the  highest  point  of  outlet,  it  ftows  out  until  the 


level  of  the  water  in  the  reservoir  falls  below  the  mouth  of 
the  siphon,  the  water  flowing  out  of  the  reservoir  faster  than 
it  is  supplied  to  it.  This  flow  then  ceases  until  the  water  in 
the  reservoir  has  again  reached  the  level  of  the  highest  point 
of  the  siphon. 


THE  INJECTOR. 
1078.  A  section  of  an  injector  is  shown  in  Fig.  203. 
There  are  many  different  kinds  nf  these  instruments,  but  the 
principle  is  the  same  in  all.  When  they  are  used  for  lifting 
water  from  a  point  below  the  discharge  orifice  and  forcing  it 
into  the  boiler  of  a  steam  engine  or  locomotive,  they  depend 
for  their  lifting  action  upon  the  creation  of  a  partial  vacuum 
by  the  action  of  steam.  In  the  injector  shown  in  Fig.  203, 
/■'  is  the  connection  for  the  steam  pipe  from  the  boiler,  P  is 
the  connection  for  the  pipe  from  the  water  supply,  N  is  the 
connection  to  which  the  discharge  pipe  leading  to  the  boiler 


U  sttacbed,  asd  the  wa 

tkramifli  the  •vvrflvw  noczle  <7. 

The  aMlbad  o(  opexatiuo  is  as  io&ovs;  The  valre  A  b 
int  apcaed  bf  tnnunK  the  vheel  IT;  the  prl^KT  vahe  ^  is 
then  Oficned  bjr  the  hsodley.  thas  petMittMg  steam  to  flow 
lhro«Kb  the  paamtgt  E  and  a  coottectioa.  bm  shown  in  the 
fi(«re,  to  the  nouJc  u.  Prom  «  the  jet  oL  steam  rashes  a«t 
tbrtfagb  O.  A  paiiage  co«ineirts  tbe  chamber  sajroamfitig 
u  iritb  ibc  space  abore  the  ralve  L~  Tbe  jet  o<  steam  from 
u  oat  through  O  carries  with  it  the  air  in  the  chamber  to 


Whi''b  O  is  coiincclcd.  thus  furming  a  partial  vacuum  in 
the  »[iace  alwive  /.;  the  air  in  the  passages  D,  C,  G.  If,  K, 
T,  Mful  in  the  water  i>i|H3  connected  at  P  is  thus  drawn  out 
tbmugh  lh«  valve  L,  and  a  partial  vacuum  is  formed,  which 
(M-rmit*  Ihr  pressure  of  the  atmosphere  to  force  water 
thrnuKh  /'  until  it  finally  fills  the  passages  and  flows  out 
ihniufch  /.and  the  overflow  nozzle  O.  As  soon  as  water 
\\\i\i\',\x»  at  O,  the  valve  A'  is  closed  and  the  main  steam 
vnlv«  A  lit  opened  by  the  wheel  i'.  thus  admitting  Steam 
jjthe  jmimiiK)'*  C,  If,  K.  This  steam  draws  water  from  C 
l^gh  th*t  (ijicnlnK  Hurrounding  //  and  discharges  it 
Igh  K  with  such  a  high  velocity  that  it  rushes  past 
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the    opening   T  into    the    nozzle  M   and   thence   into  the 


THE    LOCOMOTIVE    BLAST. 

1077.     Fig.  204  shows  the  front  end  of  a  locomotive. 

E  is  the  exhaust  pipe,  the  center  of  which  is  directly  in  line 

with  the  center  of  the  smokestack  .V.      T,  T  are  the  tubes 

through  which  the  hot  furnace  gases  are  discharged.     The 


exhaust  steam  has  a  pressure  of  about  two  pounds  above  the 
atmosphere,  and  rushes  through  the  exhaust  pipe  E  and  up 
the  smokestack  5  with  a  very  high  velocity,  taking  the  air 
out  with  it,  and  producing  a  partial  vacuum  in  the  space  in 
front  of  the  tubes.  No  air  can  get  in  this  space  except 
through  the  grates  of  the  fire-box ;  consequently,  this  partial 
vacuum  created  in  front  of  the  tubes  as  described  causes  an 
influx  of  air  through  the  grate,  and  produces  the  forced 
draft,  or  blast.  The  faster  the  engine  runs,  the  greater 
the  quantity  of  air  drawn  through  the  grate. 
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PUMPS. 

1078.  The  Suction  Hump. — A  section  of  an  ordi- 
nary suction  pump  is  shown  in  Fig.  '^05.  Suppose  the  piston 
to  be  at  the  bottom  of  the  cylinder  and  to  be  just  on  the 
point  of  moving  upwards  in  the  direction  of  the  arrow.  As 
the  piston  rises  it  leaves  a  vacuum  behind  it,  and  the  atmos- 
pheric pressure  upon  the  surface  of  the  water  in  the  well 
causes  it  to  rise  in  the  pipe  P,  for  the  same  reason  that  the 
mercury  rises  in  the  barometer  tube.     The  water  rushes  up 


the  pipe  and  lifts  the  valve  X^,  filling  the  empty  space  in  the 
cylinder  B  displaced  by  the  piston.  When  the  piston  has 
reached  the  end  of  its  stroke,  the  water  entirely  fills  the 
space  between  the  bottom  of  the  piston  and  the  bottom  of 
the  cylinder  and  also  the  pipe  P.  The  instant  that  the  piston 
begins  its  down  stroke,  the  water  in  the  chamber  B  tends  to 
fallback  into  the  wet!,  and  its  weight  forces  the  valve  P"  to  its 
seat,  thus  preventing  any  downward  flow  of  the  water.  The 
pision  now  tends  to  compress  the  water  in  the  chamber  B^ 
but  this  is  prevented  through  the  opening  of  the  valves  »,  u 
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in  the  piston.  When  the  piston  has  reached  the  end  of  its 
downward  stroke,, the  weight  of  the  water  above  closes  the 
valves  «,  K.  All  the  water  resting  on  the  top  of  the  piston  is 
then  lifted  with  the  piston  on  its  upward  stroke,  and  dis- 
charged through  the  spout  A,  the  valve  I'  again  opening, 
and  the  water  filling  the  space  below  the  piston  as  before. 

It  is  evident  that  the  distance  between  the  valve  f'and 
the  surface  of  the  water  in  the  well  must  not  exceed  34  feet, 
the  highest  column  of  water  which  the  pressure  of  the  atmos- 
phere will  sustain,  since  otherwise  the  water  in  the  pipe 
would  not  reach  to  the  height  of  the  valve  I'.  In  practice 
this  distance  should  not  exceed  28  feet.  This  is  due  to  the 
fact  that  there  is  a  little  air  left  between  the  bottom  of  the 
piston  and  the  bottom  of  the  cylinder,  a  little  air  leaks 
through  the  valves  which  are  not  perfectly  air-tight,  and  a 
pressure  is  Deeded  to  raise  the  valve  against  its  weight, 
which,  of  course,  acts  downwards.  There  are  many  vari- 
eties of  the  suction  pump,  differing  principally  in  the  valves 
and  piston,  but  the  principle  is  the  same  in  all. 


1079.  The  LlftlnK  Pump.— A 
section  of  a  llftlns  pump  is  shown 
in  Fig.  206.  These  pumps  are  used 
when  water  is  to  be  raised  to  greater 
heights  than  can  be  done  with  the  or- 
dinary suction  pump.  As  will  be  per- 
ceived, it  is  essentially  the  same  as  the 
pump  previously  described,  except 
that  the  spout  is  fitted  with  a  cock 
and  has  a  pipe  attached  to  it,  leading 
to  the  point  of  discharge.  If  it  is  de- 
sired to  discharge  the  water  at  the 
spout,  the  cock  maybe  opened;  other- 
wise, the  cock  is  closed,  and  the  water 
is  lifted  by  the  piston  up  through  the 
pipe  f  to  the  point  of  discharge,  the 
valve  c  preventing  it  from  falling  back 
into    the    pump,    and   the    valve     I' 
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preventing  the  water  in  the  pump  from  falling  back  into  I 
the    well.      It  is    not  necessary    that   there 
should  be  a  second  pipe  P',  as  shown  in  the 
figure,  for   the  pipe  P  may  be   continued 
straight  upwards,  as  shown  in  Fig.  207. 


1 080.     In  the  figure  is  shown  a  section  of 
ng  pump  for  raising  water  from  great 


I  lift 


() 


depths,  as  from  the  bottom  of  mines  to  the 
surface.  This  pump  consists  of  a  series  of 
pipes  connected  together,  of  which  the  lower 
end  only  is  shown  in  the  cut.  That  part  of 
the  pipe  included  between  the  letters  yJ  and 
B  forms  the  pump  cylinder  in  which  the 
piston  P  works.  That  part  of  the  pipe 
above  the  highest  point  of  the  piston  travel, 
through  which  the  water  is  discharged,  is 
called  the  delivery  pipe,  and  the  part 
below  the  lowest  point  of  the  piston  travel 
is  called  the  suction  pipe.  The  lower  end 
of  the  suction  pipe  is  expanded,  and  has  a 
number  of  small  holes  in  it,  to  keep  out  the 
solid  matter.  C  isa  plate  covering  an  open- 
ing, and  which  may  be  removed  to  allow  the 
suction  valve  to  be  repaired.  Z*  is  a  plate 
covering  a  similar  opening  through  which 
the  piston  and  piston  valves  may  be  re- 
paired. The  piston  rod,  or  rather  the  piston 
stem,  is  made  of  wrought  iron,  inserted 
with  wood,  and  connected  with  the  piston. 
The  only  limit  to  the  height  to  which  a 
pump  of  this  kind  can  raise  water  is  the 
strength  of  the  piston  rod.  Lifting  pumps 
of  this  kind  are  used  to  raise  water  from 
j;reat  depths  to  the  earth's  surface;  hence, 
n.  very  long  piston  rod  is  necessary.  In  the  I 
JiftLiig  pump  shown  in  Fig.  30C  the  water  is  1 
r;iii:^ed  from  a  point  a  few  feet  below  the  [ 
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earth's  surface  to  a  point  considerably  higher.  This  re- 
quires the  piston  rod  to  move  through  a  stuffing-box,  as 
shown  at  S.  and  also  necessitates  the  rod  being  round,  in 
order  that  the  water  may  not  leak  out. 

1081.  Force  Pumps. — The  force  pump  differs  from 
the  lifting  pump  in  several  important  particulars,  but 
chiefly  in  the  fact  that  the  piston  is  solid;  that  is,  it  has  no 
valves.  A  section  of  a  suction  and  force  pump  is  shown  in 
Fig.  208.  The  water  is  drawn  up  the  suction  pipe  as  before, 
when  the  piston  rises;  but  when  the  piston  reverses,  the 
pressure  on  the  water  caused  hy  the  descent  of  the  piston 


opens  the  valve  V  2.-aA  forces  the  water  up  the  delivery  pipe 
P'.  When  the  piston  again  begins  its  upward  movement, 
the  valve  V  is  closed  by  the  pressure  of  the  water  above  it, 
and  the  valve  ('is  opened  by  the  pressure  of  the  atmosphere 
on  the  water  below  it,  as  in  the  previous  cases.  For  an 
arrangement  of  this  kind,  it  is  not  necessary  to  have  a  stuff- 
ing-box. The  water  may  be  forced  to  almost  any  desired 
height.  The  force  pump  differs  again  from  the  lifting  pump 
in  respect  to  its  piston  rod,  which  should  not  be  longer  than 
is  absolutely  necessary  in  order  to  prevent  it  from  buckling. 


u 
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whilo  in  the  lifting  pump  the  length  wf  the  piston  rod  is  a 
matter  of  indifference. 

1 082.  Plunecr  Pumps. — When  force  pumps  are  used 
to  ci^nvey  water  to  great  heights,  the  pressure  of  the  water 
in  the  cylinder  bccumcs  so  great  that  it  becomes  extremely 
difflcult  tfi  hcep  the  water  from  leaking  past  the  piston,  and 
the  conHtant  repairing  of  the  piston  packing  becomes  a 
nuiiance.  To  ubviatu  this  difficulty  the  piston  is  made  very 
long,  as  shown  in  Fig.  209.  and  is 
then  called  a  plunder.  The  suc- 
tion valve  in  this  ease  consists  of 
two  clack  valves  inclined  to  each 
other  and  resting  upon  a  square 
pin  yl;  they  are  prevented  from 
^flying  back  too  far  during  the  up 
stroke  of  the  plunger  by  the  two 
uprights  /,  /.  During  the  down 
stroke  of  the  plunger  the  valves  at 
A  are  closed  and  the  delivery 
valve  at  B  is  open.  A  little  air  is 
always  carried  into  the  cylinder  of 
n  jiump  with  the  entering  of  the 
water.  In  force  pumps  this  fact 
becDines  a  serious  consideration, 
since,  after  repeated  strokes,  the 
air  accumulates,  and  during  the 
down  stroke  of  the  plunger  it  is 
compressed.  After  a  time  it 
Pin.  m.  wmild  become  sufficiently  com- 
pressed to  entirely  prevent  the  water  from  entering  through 
the  suction  valve,  the  pressure  on  the  top  of  the  valve  being 
greater  than  that  of  the  atmosphere  below.  In  the  pump 
shown  in  the  figure,  the  plunger  is  a  trifle  smaller  than  the 
cylinder,  and  the  air  collects  around  the  plunger  below  the 
stuffing-box.  To  remove  this  air  a  narrow  passage  C,  shown 
by  the  dotted  lines,  that  can  be  closed  at  its  upper  end  by 
the  cock  D,  connects  the  interior  of  the  pump  with  the 
atmosphere  when  the  cock  is  open.     It  is  evident  that  this 
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r  cock  must  not  be  opened,  except  during  the  down  stroke  of 
the  plunger;  for,  if  it  were  open  during  the  up  stroke,  the 
pressure  below  the  plunger  being  less  than  the  pressure  of 
the  atmosphere  above,  the  air  would  rush  in  instead  of  being 
expelled. 

1083.  Double-ActloK  Pumps. — In  the  pumps  pre- 
viously described,  the  discharge  was  intermittent;  that  is, 
the  pump  could  only  discharge  when  the  piston  was  moving 
in  one  direction.  In  some  cases  it  is  necessary  that  there 
should  be  a  continuous  discharge ;  in  all  cases  it  takes  more 


Fm.  sio. 

I  power  to  run  the  pump  with  an  intermittent  discharge,  as  a 
I  'little  consideration  will  show.  If  the  height  that  the  water 
I  is  to  be  raised  is  considerable,  its  weight  will  be  very  great, 
[  and  the  entire  mass  must  be  put  in  motion  during  one  stroke 
I  of  the  piston. 

In  order  to  obtain  the  advantage  of  a  more  continuous  dis- 
Icharge,  double-acting  pumps  arc  used.     Fig.  210  shows  a 


J 
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part  Bcctional  view  of  such  a  pump.  Two  pistons  a  and  h 
are  used,  which  are  operated  by  one  handle  c  in  the  manner 
shown.  The  pump  has  one  suction  pipe  s  and  one  discharge 
pif>c  d.  The  cylinders  e  and  y  are  separated  by  a  diaphragm 
;;'•,  K^i  that  they  cannot  communicate  with  each  other  above 
the  pistons.  In  the  figure,  the  handle  c  is  moving  to  the 
right,  the  piston  a  upwards,  and  the  piston  b  downwards. 
As  the  piston  a  moves  upwards,  it  lifts  the  water  above  it 
and  causes  it  to  flow  through  the  delivery  valve  h  into  the 
discharge  pipe  d.  This  upward  movement  of  the  piston 
creates  a  partial  vacuum  below  it  in  the  cylinder  r,  and 
causiis  the  water  to  rush  up  the  suction  pipe  s  into  the  cyl- 
i ruler,  as  shown  by  the  arrows.  In  the  cylinder  y,  the  down- 
ward movement  of  the  piston  b  raises  the  piston  valve  i\  and 
the  w<jight  of  the  water  on  the  suction  valve  i  keeps  it  closed. 
Wh<;n  the  handle  c  has  completed  its  movement  to  the  right 
and  begins  its  return,  all  of  the  valves  on  the  right-hand  side 
o|i<!n  except  v^  and  those  on  the  left-hand  side  close  except 
;/;  water  is  then  discharged  into  the  delivery  pipe  by  the 
cylinder  y,  and  only  at  the  instant  of  reversal  is  the  flow  into 
the  dcJivery  pipe  ^/stopped. 

I()S4.  Air  Chambers. — In  order  to  obtain  a  continu- 
ous flow  of  water  in  the  delivery  pipe,  with  as  nearly  a  uniform 
vrjo*  ity  as  possible,  an  air  cttaniber  is  usually  placed  on 
th«!  drjivcry  pi[)e  of  force  pumps  as  near  to  the  pump  cyl- 
inder as  the  construction  of  the  machine  will  allow.  The 
air  rhainl)(!rs  are  usually  pear-shaped,  with  the  small  end 
ronnrcii'd  to  tlie  pi[)e.  They  are  filled  with  air  which  the 
watr.r  c(M!i[)r(!Sscs  during  the  discharge.  During  the  suction, 
ihr  air  thus  (•oni[)rcsscd  expands  and  acts  as  an  accelerating 
for*  (^  upon  tlic  moving  column  of  water,  a  force  which 
diminislics  with  the  expansion  of  the  air,  and  helps  to  keep 
Ihr  velocity  of  the  moving  column  more  nearly  uniform. 
An  air  cliamber  is  sometimes  placed  upon  the  suction  pipe. 
Thcsr  air  cliamhers  not  only  tend  to  promote  a  uniform  dis- 
(  har^((*,  hut  they  also  ecjualize  the  stresses  upon  the  pump, 
and  prevent  shocks  due  to  the  incompressibility  of  water. 
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They  serve  the  same  purpose  in  pumps  that  a  fly-wheel  does 
to  the  steam  engine.  Unless  the  pump  moves  very  slowly, 
it  is  absolutely  necessary  to  have  an  air  chamber  on  the 
delivery  pipe. 

1085.  Steam  Pumps. — Steam  pumps  are  force 
pumps  operated  by  steam  acting  upon  the  piston  of  a  steam 
engine,  directly  connected  to  the  pump,  and  in  many  cases 
cast  with  the  pump.  A  section  of  a  double-acting  steam 
pump  showing  the  steam  and  water  cylinders,  with  other 
details,  is  illustrated  in  Fig.  211.     Here  (7  is  a  steam  piston. 


and  R  the  piston  rod,  which  is  secured  at  its  other  end  to 
the  plunger  P.  F  ia  a.  partition  cast  with  the  cylinder, 
which  prevents  the  water  in  the  left-hand  half  from  com- 
municating with  that  in  the  right-hand  half  of  the  cylinder. 
Suppose  the  piston  to  be  moving  in  the  direction  of  the 
arrow.  The  volume  of  the  left-hand  half  of  the  pump  cylin- 
der will  be  increased  by  an  amount  equal  to  the  area  of  the 
circumference  of  the  plunger,  multiplied  by  the  length  of 
the  stroke,  and  the  volume  of  the  right-hand  half  of  the  cylin- 
der will  be  diminished  by  a  like  amount.     In  consequence 
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of  this,  a  volume  of  water  in  the  right-hand  half  of  the 
cylinder  equal  to  the  volume  displaced  by  the  plunger  in  its 
forward  movement  will  be  forced  through  the  valves  l^\  V 
into  the  air  chamber  A^  through  the  orifice  Dy  and  then  dis- 
charged through  the  delivery  pipe  H.  By  reason  of  the 
partial  vacuum  in  the  left-hand  half  of  the  pump  cylinder, 
owing  to  this  movement  of  the  plunger,  the  water  will  be 
drawn  from  the  reservoir  through  the  suction  pipe  Cinto 
the  chamber  AT,  K^  lifting  the  valves  S\  5',  and  filling  the 
space  displaced  by  the  plunger.  During  the  return  stroke 
the  water  will  be  drawn  through  the  valves  5,  S  into  the 
right-hand  half  of  the  pump  cylinder,  and  discharged 
through  the  valves  F,  V  in  the  left-hand  half.  Each  one  of 
the  four  suction  and  four  discharge  valves  is  kept  to  its  seat, 
when  not  working,  by  light  springs,  as  shown. 

There  are  many  varieties  and  makes  of  steam  pumps,  the 
majority  of  which  are  double-acting.  In  many  cases  two 
steam  pumps  are  placed  side  by  side,  having  a  common 
delivery  pipe.  This  arrangement  is  called  a  duplex  pump. 
It  is  usual  to  so  set  the  steam  pistons  of  duplex  pumps  that 
when  one  is  completing  the  stroke  the  other  is  in  the  middle 
of  its  stroke.  A  double-acting  duplex  pump  made  to  run  in 
this  manner,  and  having  an  air  chamber  of  sufficient  size, 
will  deliver  water  with  nearly  a  uniform  velocity. 

In  mine  pumps  for  forcing  water  to  great  heights,  the 
plungers  are  made  solid,  and  in  most  cases  extended  through 
the  pump  cylinder.  In  many  steam  pumps  pistons  are  used 
instead  of  plungers,  but  when  very  heavy  duty  is  required 
plungers  are  preferred. 

l<)8tt«  Centrifugal  Pumps. — Next  to  the  direct-act- 
ing steam  pump,  the  centrifugal  pump  is  the  most  valu- 
able instrument  for  raising  water  to  great  heights  that  has 
yet  been  described.  As  the  name  denotes,  the  effects  pro- 
duced by  centrifugal  force  are  made  use  of.  Fig.  212  repre- 
sents one  with  half  of  the  casing  removed.  The  hub  S  is 
hollow,  and  is  connected  directly  to  the  suction  pipe. 
The  curved  arms  a,  called  vanes  or  wings,  are  revolved 
with  a  high  velocity  in  the  direction  of  the  arrow,  and  the 
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air  enclosed  between  them  is  driven  out  through  the  dis- 
charge passage  and  delivery  pipe  D  D.  This  creates  a  par- 
tial vacuum  in  the  casing  and  suction  pipe,  and  causes  the 
water  to  flow  in  through  5.  This  water  is  also  made  to 
revolve  with  the  vanes,  and,  of  course,  with  the  same  velocity. 
The  centrifugal  force  of  the  revolving  water  causes  it  to  fly 
outwards  towards  the  end  of  the  vanes,  and  becomes 
greater  the  farther  away  it  gets  from  the  center.  This 
causes  it  to  leave  the  vanes,  and  finally  to  leave  the  pump 
by  means  of  the  discharge  passage  and  delivery  pipe  D  D. 
The  height  to  which  the  water  can  be  forced  depends  upon 
the  velocity  of  the  revolving  vanes.  In  the  construction 
of  the  centrifugal  pump  particulir  cire  is  required  in 
giving  the  correct  form 
to  the  vanes;  the  efii 
ciency  of  the  mathme 
depends  greatly  up<in 
this  point  being  at 
tended  to.  What  is  j| 
required  is  to  raise! 
water,  and  the  energy  I 
used  to  drive  the  pump 
should  be  devoted  as 
far  as  possible  to  this 
one  purpose.  The 
water  when  it  is  raised 

should     be     delivered  Fio.  ais. 

with  as  little  velocity  as  i>ossible,  for  any  velocity  which 
the  water  then  possesses,  has  been  produced  at  the  expense 
of  the  energy  used  to  drive  the  pump.  The  form  of  the 
vanes  is  such  that  the  water  is  delivered  at  the  desired 
height  with  the  least  expenditure  of  energy. 

The  number  of  vanes  depends  upon  the  size  and  capacity 
of  the  pump.  It  will  be  noticed  that,  in  the  pump  shown  in 
the  figure,  the  vanes  have  sharp  edges  near  the  hub.  The 
object  of  this  is  to  provide  for  a  free  ingress  of  the  water, 
and  also  to  cut  any  foreign  substance  that  may  enter  the 
pump  and  prevent  it  from  working  properly. 
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Almost  any  liquid  can  be  raised  with  these  pumps,  i 
when  used  for  pumping  chemicals,  the  casing  and  vanes  are 
made  of  materials  that  the  chemicals  will  not  affect. 

1087.  Ttae  Hydraulic  Ram. — The  construction  of  a 
hydraulic  ram  is  shown  in  Fig.  213.  This  machine  is  used 
for  raising  water  from  a  p<jint  betow  the  level  of  the  water 
in  a  spring  or  resen'oir  to  a  point  considerably  higher,  with 
no  power  other  than  that  afforded  by  the  inertia  of  a  moving 
column  of  water.  In  the  figure,  rt  is  a  pipe  called  the  drive  pipe, 
connecting  the  ram  with  the  reservoir;  the  valve  b  slides 
freely  in  a  guide,  and  is  provided  with  lock-nuts  to  regulate 
the  distance  that  the  valve  can  fall  below  its  seat.     When 


Pic.  MS. 
the  water  is  first  turned  on  by  opening  the  valve  «,  the  valve 
b  is  already  opened,  and  the  water  flows  out  through  e,  as 
shown.  As  the  discharge  continues,  the  velocity  of  the 
water  in  the  drive  pipe  will  increase  until  the  upward  pres- 
sure against  the  valve  b  is  sufficient  to  force  the  valve  to  its 
seat.  The  actual  closing  of  the  valve  takes  place  very  sud- 
denly, and  the  momentum  of  the  column  of  water,  whicn 
was  moving  with  an  increasing  velocity  through  the  drive 
pipe  a,  will  very  rapidly  force  some  water  through  the  valve 
d  into  the  air-chamber/  Immediately  after  this,  a  rebound 
takes  place,  and  for  a  short  interval  of  time  the  water  Sowa 
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back  up  the  drive  pipe  a  and  tends  to  form  a  vacuum  under 
the  air  chamber  value  t/;  this  opens  the  snifter  valve  ^  and 
admits  a  little  air,  which  accumulates  under  the  valve  </  and 
is  forced  into  the  air  chamber  with  the  next  shock.  This  air 
keeps  the  air  chamber  constantly  charged ;  otherwise,  the 
water,  being  under  a  greater  pressure  in  the  air  chamber  than 
it  is  in  the  reservoir,  would  soon  absorb  the  air  in  the  cham- 
ber and  the  ram  would  cease  to  work  until  the  chamber  was 
recharged  with  air.  The  rebound  alsti  takes  the  pressure 
off  the  under  side  of  valve  &  and  causes  it  to  drop,  and  the 
above- described  operations  are  repeated.  The  delivery  pipe 
is  shown  at  c  ;  a  steady  flow  of  water  is  maintained  through  it 
by  the  pressure  of  the  air  in  the  chamber  _/;  this  air  also  acts 
as  a  cushion  when  valve  i  suddenly  closes,  and  prevents  un- 
due shock  to  the  parts  of  the  ram. 

The  height  to  which  water  can  be  raised  by  the  hydraulic 
ram  depends  upon  the  weight  of  the  valve  d  and  the  velocity 
of  the  water  in  a. 

1088<     Po-wer  Necessary  to  "Work  a  Pump  : 

Rule  I. — In  all  pumps,  luluthcr  lifting,  force,  steam,  single- 
or  double-acting,  or  centrifugal,  the  number  of  foot-pounds  of 
power  needed  to  -work  the  pump  is  equal  to  the  -uicight  of  the 
water  in  pounds,  multiplied  by  the  vertical  distance  in  feet  be- 
twien  the  level  of  the  water  in  the  well,  or  source,  and  the 
point  of  discharge,  plus  the  work  necessary  to  overcome  the 
friction  and  otlter  resistances. 

Rule  II. — The  work  done  itr  one  stroke  of  a  pump  is  equal 
to  the  weight  of  a  volume  of  water  equal  to  the  volume  dis- 
placed by  the  piston  during  the  stroke,  multiplied  by  the  total 
vertical  distance  in  feel  through  which  the  water  is  to  be 
raised,  plus  the  work  necessary  to  oz'ercome  the  resistances. 

A  little  consideration  will  make  Rule  II  evident.  Suppose 
that  the  height  of  the  suction  is  25  feet;  that  the  vertical 
distance  between  the  suction  valve  and  the  point  of  dis- 
charge is  liHt  feet ;  that  the  stroke  of  the  piston  is  1.5  inches. 
and  that  its  diameter  is  10  inches.  Let  the  diameters  of  the 
suction   pipe    and   delivery  pipe   be  4    inches   each.     The 
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3Pi^.  in  irier  ai   jjarrigrgg^  ims  ^¥3Eer:  xxZ  3C  the  water  in 

certain  -fiscance  in.  fbec  •^sxaal  ta  .•fffi.rT  ^nr^ixed  by  trie  area 
of  tiie  oioes  3l  iiniars  ^^^*<»t 

F'jmr  bmzhes  =  i^  of  a.  5>3IL     *  Vf*  <  .rS54  =  *-^^-^ =  .*Ti} 

T^ie  ▼•tisjfir  of  rie  wats^  in  the  ^ieirnHy  pipe  25  (§)*  x 
,7^*i  y  I»  X  -n^  =  ^4S^^&  g«:fTntffs> 

The  weig;!n:  of  nie  water  iri  tfte  soctfoit  pcpe  k  (J)*  x  .7S54 
X^  X  ^^^  =  13*5-35  gcmrifs^ 

54l,l:J-rl3n- 35  =  •55*1.77  p«Him^  =  t!xe  tocal  weight  of 
water  mryred  m  one  stroke^  T!te  discance  tiiat  it  is  moTed  in 
one  stroke  is  7.^1i5  feet.  Hetice^  tbe  ntxniber  of  foot- 
pounds necessary  for  oce  stroke  is  oSl.  77  X  7.S1^  =  5,3t6.33 
foot'pooiKls.  Had  this  result  been  obtained  by  Role  II,  the 
pT^jcess  w^mld  have  been  as  follows:  The  weight  of  the  water 
displaced  by  the  piston  in  one  stroke  was  found  to  be  4^.61063 
pTjunds.  42.^1  X  125  =  5,3^^.33  p«3ands,  which  is  exactly 
the  f^ame  a?5  the  result  obtained  by  the  previous  method,  and 
]»  a  ^reat  deal  shorter. 

KxAMf^-E. — What  must  be  the  necessary  horsepower  of  a  doable-act- 
lnf(  Mteam  pump  if  the  vertical  distance  between  the  point  of  discharge 
and  the  p^>int  of  suction  is  96  feet  ?  The  diameter  of  the  pump  cylin- 
der i>  H  inches,  the  stroke  is  10  inches,  and  the  number  of  strokes  per 
minute  in  ]2t).     Allow  2%  for  friction,  etc. 

Som;tiov.— Since  the  pump  is  double-acting,  it  raises  a  quantity  of 
water  equal  to  the  volume  displaced  by  the  plunger  at  every  stroke. 
The  weij(ht  of  the  volume  of  water  displaced  in  one  stroke  =( A)*  X 
.7854  /  I J  X  62.5   r  18.18  pounds,  nearly. 

18. 18  /  00  /  120  ~  209,433.6  foot-pounds  per  minute. 

Slricp  2ti%  in  to  be  allowed  for  friction,  the  actual  number  of  foot- 
|HMiri«lM     per    minute  r-  2(K),4J53.6  ■+■  .75  =  279,244.8    foot-pounds    per 

minute. 

279  244  8 
Oni-  lHirHei)ower  —  33,000  foot-pounds  per  minute;  hence,  ■  oo'qqq 

-H.4«a  II.  1'..  nearly.     Ans. 
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THE  PROPERTIES,  SOURCES,  AND 

MEASUREMENT  OF  HEAT. 
1089.  The  Mature  of  Heat. — As  to  the  exact  nature 
of  heat,  scientists  differ,  but  all  modem  thinkers  and  inves- 
tigators agree  that  heat  is  a  form  of  energy,  and  that  it  is  a 
kind  of  motion.  It  is  not  purposed  here  to  enter  into  the 
different  theories  regarding  heat,    but  as  much  of  the  gen- 

'  erally  accepted  theory  will  be  given  as  will  be  necessary  to 
make  clear  the  principles  which  are  to  follow. 

In  Art.  831  it  was  stated  that  bodies  were  composed  of 
molecules.  Notwithstanding  the  extreme  minuteness  of  the 
molecules,  they  play  a  very  important  part  in  the  modern 
theory  of  heat.  Each  molecule  attracts  the  molecules  sur- 
rounding it  in  a  manner  similar  to  the  attraction  between 
the  earth  and  bodies  near  its  surface,  only  with  an  immensely 
greater  force  in  proportion  to  their  sizes.  Without  going 
into  any  theory  regarding  the  precise  nature  of  heat,  it  will 
be  taken  for  granted  that  each  and  every  molecule  has  a 
rapid  vibratory  motion  to  and  fro,  and  that  the  molecules 
are  kept  from  getting  beyond  a  certain  distance  from  one 
another  by  the  attractive  force  between  them.  This  at- 
tractive force  is  called  cohesion;  without   it,    everything 

■  throughout  the  universe  would  crumble  instantly  into  the 
finest  dust. 

In  Art.  846  it  was  stated  that  the  molecules  were  sup- 
posed to  be  round;  it  is  likewise  supposed  that  they  are  at  a 

I  considerable  distance  apart,  compared  with  the  diameter  of 
the  molecule.  When  heat  is  applied  to  a  body  the  number 
of  these  vibrations  is  greatly  increased,  proportional  to  the 

1  amount  of  heat  supplied.      In  consequence  of  this  increase, 

I  the  distance  through  which  a  molecule  moves  is  increased, 


I 
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and  the  force  of  cohesion  which  binds  them  together  is  less- 
ene<L  If  enough  heat  is  added  to  a  solid,  the  force  of  co- 
hesion is  so  far  overcome  that  the  Ixxiv  melts.  If  more  heat 
is  supplied  in  sufficient  quantity,  the  melted  body  becomes  a 
vapor,  and  so  long  as  it  is  kept  at  this  temperature  the 
force  of  cohesion  has  no  effect,  in  consequence  of  the  num- 
ber of  vibrations  having  been  so  far  increased  and  the  dis- 
tance between  any  two  molecules  having  become  too  great 
for  the  force  of  cohesion  to  act.  If  the  vapwr  be  cooled,  the 
number  of  vibrations  will  decrease,  and  also  the  distance 
between  any  two  molecules;  the  force  of  cohesion  begins  to 
act,  and  the  body  becomes  a  liquid.  If  cooled  further,  and  a 
sufficient  quantity  of  heat  is  removed — in  other  words,  if  the 
number  of  vibrations  is  so  far  decreased  that  the  molecules 
are  comparatively  near  together — the  body  becomes  a  solid 
and  remains  so  until  the  temperature  is  again  increased  to 
the  melting  point. 

1090.  If  a  body  is  heated  and  brought  near  the  hand, 
the  sensation  of  warmth  is  felt ;  if  heat  be  removed  from 
this  same  body,  and  it  is  again  brought  near  the  hand,  the 
sensation  of  cold  is  felt.  The  heat  which  thus  manifests 
itself  is  called  tienslble  heat,  because  any  change  from  any 
state  to  a  hotter  or  colder  state  is  indicated  at  once  by  the 
sense  of  feeling,  or  by  the  aid  of  instruments  called  tlier- 
fnoftictcrH,  The  more  sensible  heat  a  body  possesses,  the 
hotter  it  is;  the  more  sensible  heat  that  is  taken  away  from 
it,  the  colder  it  is.  

THERMOMETERS. 

IIHM*  The  different  states  that  a  body  is  in  according 
in  the  amount  of  scnsiVjle  heat  it  possesses  are  indicated  by 
the  word  temperature,  and  by  comparison  with  some 
ol  lii-r  \)i)(\y  having  the  same  amount  of  sensible  heat.  Thus, 
n  \i\t't  r  of  iron  having  exac^tly  the  same  amount  of  sensible 
hr.i!  ;i»  a  pi(!((!  of  melting  ice,  is  said  to  have  ///r  tcmpcrahtre 
vl  iihltitii;;  ice.  If  a  piece  of  lead  has  the  same  amount  of 
hriir>il»lc  h<-at  as  a  kettle  of  boiling  water,  it  is  said  to  have 
////'  ttnipcraturc  of  boilijig  water,  etc. 
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1092.  Owing  to  the  imperfection  of  our  senses,  it  is 
imp'jssible  to  determine  by  their  aid,  with  any  degree  of  ac- 
curacy, the  temperature  of  different  bodies;  hence,  for  this 
purpose,  thermometers  are  used.  In  these  instruments  the 
effects  of  heat  upon  bodies  are  made  use  of  in  obtaining 
the  temperature, the  most  common  method  being  to  utilize  the 
expansive  effect  of  heat  upon  liquids.  Liquids  are  used  for 
ordinary  purposes  in  place  of  solids  or  gases,  because  in  the 
first  the  expansion  is  too  small,  and  in  the  second  too  great. 

^ Mercury  and  alcohol  are  the  only  liquids  used — the  former 
because  it  boils  only  at  a  very  high  temperature,  and  the 
latter  because  it  does  not  solidify  at  the  greatest  known  cold 
produced  by  lirdinary  means. 
''•f\  I  1093.  In  Fig.  214  is  shown  a  mercurial  ther- 
mometer  with  two  sets  of  graduations  on  it.  The 
JjL_  one  on  the  left,  marked  /",  is  the  Fahrenheit 
"^     I  thermometer,  so  named  after  its  inventor,  and 

is  the  one  commonly  used  in  this  country  and  in 
England;  the  one  on  the  right,  marked  C,  is  the 
Centlsrade  thermometer,  and  is  used  by 
scientists  throughout  the  world,  on  account  of 
the  graduations  being  better  adapted  for  calcula- 
tions. As  will  be  seen,  the  instrument  consists  of 
a  glass  tube  having  a  bulb  at  one  end  and  closed 
at  the  other,  so  as  to  keep  the  air  out.  Before 
closing  the  upper  end,  the  tube  is  partially  filled 
with  mercury,  and  the  air  above  it  is  driven  out 
by  heating  the  mercury  to  near  its  boiling  point, 
when  the  tube  above  the  mercury  will  be  filled 
with  mercurial  vapor.  ]t  is  now  sealed,  and,  on 
cooling,  the  vapor  condenses  and  a  vacuum  re- 
sults. The  expansion  or  contraction  of  the  mer- 
cury, by  applying  or  withdrawing  heat  from  the 
body  with  which  the  bulb  is  in  contact,  causes  the 
highest  point  of  the  mercury  column  to  rise  or 
fall,  and,  since  for  equal  changes  of  temperature 
the  mercury  rises  or   falls  equal  distances,   this 
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instrument,  when  properly  made  and  graduated,  indicates 
any  change  in  temperature  with  great  accuracy. 

1094.  For  a  good  thermometer,   the  inside  diameter 

should  be  the  same  throughout  its  length.  In  order  to 
graduate  the  thermometer,  it  is  placed  in  melting  ice,  and 
the  point  to  which  the  mercurial  column  falls  is  marked 
freezing.  It  is  then  placed  in  the  steam  rising  from  water 
boiling  in  an  open  vessel,  and  the  point  to  which  the  mer- 
curial column  rises  is  marked  boltlniE. 

1095.  Therearenowtwofixedpoints,  the  freezing  point 
and  the  boiling  point.  If  it  is  desired  to  make  a  Fahrenheit 
thermometer,  the  distance  between  these  two  fixed  points  is 
divided  into  ISO  parts,  called  degrees.  The  freezing  point 
is  marked  32°,  and  the  boiling  point  212°.  Thirty-two  parts 
are  marked  off  from  the  freezing  point  downwards,  and  the 
last  one  is  marked  0",  or  zero.  The  graduations  are  carried 
above  the  boiling  point  and  below  the  zero  point  as  far  as 
desired.  This  thermometer  was  invented  in  1714,  and  was 
the  first  to  come  into  general  use. 

1096.  In  graduating  a  Centigrade   thermometer,   the 

freezing  point  is  marked  0°.  or  zero,  and  the  boiling  point 
100°;  the  distance  between  the  freezing  and  boiling  points 
is  divided  into  100  equal  parts;  these  equal  divisions  are 
carried  as  far  below  the  freezing  point  and  above  the  boiling 
point  as  desired.  The  reason  that  Fahrenheit  placed  the 
zero  point  on  his  thermometer  32°  below  freezing  was  because 
that  was  the  lowest  temperature  he  could  obtain,  and  he 
supposed  that  it  was  impossible  to  obtain  a  lower  one. 
Where  there  is  any  doubt  as  to  the  thermometer  used,  the 
first  letter  of  the  name  is  placed  after  the  degree  of  temper- 
ature. For  example,  183°  F.  means  183°  above  zero  on  the 
Fahrenheit  instrument ;  183°  C  would  mean  183°  above  zero 
on  the  Centigrade  instrument. 

1097.  In  Russia  and  a  few  other  countries  another  in- 
strument is  used,  called  the  Reaumur ;  the  freezing  point 
is  marked  0°,  or  zero,  and  the  boiling  point.  80°,  the  Bpace 


183' 


reen  these  two  points  buing  divided  into  80  equal  parts; 
R.  would  mean  183°  on  the  Reaumur  thermometer. 


1098.  Of  these  three  thermometers,  the  Centigrade  is 
used  the  most;  but,  sinre  the  Fahrenheit  instrument  is  the 
one  in  general  use  in  this  country,  all  temperatures  given 
here  will  be  understood  to  be  in  Fahrenheit  degrees, 
unless  otherwise  slated.  In  order  to  distinguish  the  tem- 
peratures below  the  zero  point  from  those  above,  the  sign  of 
subtraction  is  placed  before  the  figures,  indicating  the  num- 
ber of  degrees  below  zero.  Thus,  —  18°  C,  would  mean 
that  the  temperature  was  18°  below  the  zero  point  on  the 
Centigrade  thermometer;  —  25.4°  F,  would  mean  25.4" 
below  zero  on  the  Fahrenheit  thermometer.  As  was  stated 
in  Art.  1056,  the  point  of  absolute  zero,  or  —  400°  F., 
is  the  point  at  which  all  vibratory  motion  of  the  molecules 
ceases.  It  is  supposed  that,  at  this  temperature,  and  under 
a  heavy  pressure  so  as  to  bring  the  molecules  close  enough 
together,  even  hydrogen  would  be  solidified.  The  absolute 
zero  on  the  Centigrade  scale  is  —  2731°  C. 

1099.  The  absolute  temperature  is  the  tempera- 
ture measured  above  the  point  of  absolute  zero.  Hence,  on 
the  Fahrenheit  scale,  the  absolute  temperature  T  is  4C0°  +  /" 
when /=  the  ordinary  temperature,  and  is  above  zero.  If 
f  is  below  zero,  its  value  is  negative,  and  the  absolute  tem- 
perature T  is  400°  +  (—  t°)  =  400°  —  /". 

Throughout  the  remainder  of  this  volume,  where  temper- 
atures are  mentioned,  /  will  denote  the  ordinary  temperature 
indicated  by  the  thermometer,  and  1'  the  absolute  tem- 
perature. 

5  of  212',  32',  ami 


Example.— What  ar 

the 

bsolute  temperature 

-M.8-? 

Solution. — Since  no 

scale  I 

3  specified,  the  Fah 

Intended  to  be  used. 

460 

+  212'' 

=  r=67a°.    Ana. 

ioiy 

+   82- 

=  r=462°.    Ans. 

460' 

-saa- 

=  r=  430.8".    Ana. 
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1100.  The  absolute  temperature  on  the  Centigrade 
scale  is  r  =  273^°  +  /°  when  /°  is  above  zero,  or  T=  273^° 
—  /°  when  /°  is  below  zero. 

Example. — What  are  the  absolute  temperatures  corresponding  to 
100%  4%  and  -40'' C? 

Solution.— 2731'*  +  100'  =  T=  373^'  C. 

278^"  -    40^*  =  7^=  233^'*  C. 

1101.  It  is  frequently  necessary  to  change  from  one 
scale  to  the  other.  For  example,  what  would  80°  C.  be  on 
the  Fahrenheit  scale? 

Since  the  number  of  degrees  between  the  freezing  point 
and  boiling  point  on  the  Centigrade  scale  is  100,  and  on  the 
Fahrenheit  180,  it  is  evident  that  if  /^==the  number  of 
degrees  Fahrenheit,  and  C  =  the  number  of  degrees  Centi- 
grade, that 

F:  C:::180  :  100,  or  F=\^  C  =  \  C. 
Also,  C=W%F=\F,     Therefore, 

1102.  To  change  Centigrade  temperatures  into  their 
corresponding  Fahrenheit  values: 

Rule. — Multiply  the  temperature  Centigrade  by  \,  and 
add  S:r ;  the  result  will  be  the  temperature  Fahrenheit. 

1  KKI.  To  change  Fahrenheit  temperatures  into  their 
corres[)onding  Centigrade  values: 

Rule. — Subtract  32"^  from  the  temperature  Fahrenheit^ 
and  multiply  by  J,  and  the  result  will  be  the  temperature 
Centij^rade. 

1  1  ()4.  Expressing  these  two  rules  by  means  of  formu- 
las, l(!t  /,.  =  temperature  Centigrade,  and  /y  =  temperature 
Fahrenheit.     Then, 

//  =  \  Ir  +  32°,  (65.) 

and  /,  =  {ty  -  32°)  |.  (66.) 

Example.— Change  {a)  100"  C.  (b^  4"  C.  and  {c)  —40"  C,  into  Fahren- 
heit temperatures. 

Solution.— <rt)  //  =  f  /^  +  32  =  §  X  100  +  32  =  212°  K    Ans. 
(<5)  //  =  I  X  4  +  32  =  39.2°  /:     Ans. 
(r)  //  =  {  X  -40  H-  32  =  -40 '  /:     Ans. 
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Example.— Change  (a)  60'  F.,  (d)  32*  K,  and  (c)  —20**  K  into  their 
corresponding  Centigrade  temperatures. 

Solution.— (rt)  /e  =(//  -  32)  J  =  (60  -  32)  f  =  15f '  C.    Ans. 
(<^) /,  =(32  -  32)  f  =  O**  C     Ans. 
(r)  /c  =(-20  -  32)  f  =  -28}'  C.    Ans. 

1105.  Since  mercury  freezes  at  —37.84°  F.  (this  corre- 
sponds to  —38.8°  C),  some  other  means  must  be  had  to 
obtain  temperatures  below  this  point.  For  this  purpose 
alcohol  is  used  in  place  of  mercury.  This  liquid  has  never 
been  frozen  until  very  recently,  and  then  only  at  an  ex- 
tremely low  temperature.  Since  alcohol  vaporizes  at  173° 
F.,  the  boiling  point  of  water  cannot  be  marked  on  the 
alcohol  thermometer  by  heating  it  to  that  point.  The  freez- 
ing point  is  determined  as  for  mercury.  An  alcohol  and  a 
mercurial  thermometer  are  placed  in  a  vessel  containing  hot 
water  or  other  liquid,  and  the  point  to  which  the  alcohol 
column  rises  is  marked.  Suppose  that  the  point  to  which 
the  mercury  column  rises  is  marked  132°,  then  the  distance 
between  the  point  marked  and  the  freezing  point  would  be 
divided  into  132  —  32  =  100  equal  parts,  and  each  one  of 
these  parts  would  correspond  to  one  degree  on  the  mercurial 
thermometer.  These  equal  divisions  are  then  carried  below 
the  zero  point  as  far  as  it  is  desired. 

1106*  There  are  many  other  kinds  of  thermometers, 
some  of  which  depend  upon  the  expansion  and  contraction 
of  different  metals  and  gases  when  heated  and  cooled.  For 
temperatures  above  662°  F.,  the  point  at  which  mercury 
vaporizes,  other  means  are  employed  to  obtain  the  temper- 
atures. 

BXPANSION   OF  BODIES. 

1107.  The  volume  of  anybody,  solid,  liquid,  or  gas- 
eous, is  always  changed  if  the  temperature  is  changed ;  near- 
ly all  of  them  expand  when  heated,  and  contract  when 
cooled.  In  solids,  which  have  definite  figures,  the  expansion 
may  be  considered  in  three  ways,  according  to  the  con- 
ditions :    1st. — The  expansion  in  one  direction,  as  the  elonga- 
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tion  of  an  iron  bar;  this  is  called  linear  expansion. 
2d. ^Surface  expansion,  where  the  area  is  increased. 
3d.— Cubical  expansion,  where  the  increase  in  the  whole 
volume  is  considered. 

1108.  In  Fig.  315  is  shown  an  apparatus  for  exhibiting 
the  linear  expansion  of  a  solid  body.  A  metal  rod  A  is  fixed 
at  one  end  by  a  screw  B,   the   other  end  passing  freely 


through  the  eye  C,  held  in  the  post,  and  pressing  against  the 
short  arm  of  the  indicator  /^  The  rod  is  heated  as  shown, 
and  its  elongation  causes  the  indicator  to  move  along  the 
arc  n  E. 

1109.  An  illustration  of  surface  expansion  is  afforded 
nearly  every  day  in  machine  shops,  particularly  in  locomo- 
tive shops,  where  piston  rods,  crank-pins,  etc.,  are  "shrunk 
in"  and  tires  shrunk  on  their  centers.  In  shrinking  on  a 
tire,  it  is  bored  a  little  smaller  than  the  wheel  center.  The 
tire  is  then  heated  until  the  area  of  its  circumference  is 
expanded  enough  to  allow  it  to  slide  over  the  wheel  center. 
It  is  then  cooled  with  cold  water,  when  it  contracts,  tending 
to  regain  its  original  area,  but  is  prevented  by  reason  of  the 
wheel  center  being  a  trifle  larger.  This  causes  the  lire  to 
hug  the  center  with  immense  force  and  prevents  it  from 
coming  off. 

1110.  Cubic  expansion  may  be  illustrated  by  means  of 
a  Gravesandes'  ring.     This  consists  of  a  brass  ball  a.  Fig. 


216,  which  at  ordinary  temperatures  passes  freely  through 
the  ring  m,  of  very  nearly  the  same  diameter.     When  the 


ball  is  heated,  it  expands  so  much  that  it  will  no  longer  pass 
through  the  ring. 

1111.  The  expansion  of  liquids  is  clearly  shown  in  the 
mercurial  and  alcohol  thermometers.  The  expansion  of 
gases  was  treated  on  to  some  extent  in  pneumatics. 


COEFFICIENT    OF    EXPANSION. 

1112.  Suppose  that  the  temperature  of  the  metal  rod, 
shown  in  Fig.  215,  was  33°  F.  before  heating,  and  exactly  10 
feet  long;  that  after  the  temperature  had  been  raised  1",  or 
tuSS",  the  barwaslO  ft.  -f-rsVirin-  long.  The  linear  expan- 
sion would  then  be  (10  ft. -(--(-['yj- in. )  —  10  ft.  = -j-bW '"■> 
and  the  ratio  between  this  expansion  and  the  original  length 
of  the  bar  would  be 

-nVr^lCXia,  or -mrjirnr:!.  or  .000006944: :  1. 

For  every  increase  of  temperature  of  1°  this  rod  would 
elongate  .O0O00G944  of  its  length.  This  number  .000006944, 
which  equals  the  expansion  of  the  rod  for  one  degree  rise  of 
temperature  divided  by  the  original  length,  is  called  the 
coefflclent  of  linear  expaOBloii.  Had  the  tempera- 
ture of  the  rod  been  increased  100°  instead  of  1°,  the  amount 
of  elongation  would  have  been  .000006944  X  100  =  .0006944, 
of  its  length,  or  .0000944  X  130=  .083328",  or  -,Jj".  Table 
19  contains  the  coefficients  of  expansion  for  a  number  of 
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y/:d-s,  mercmy.  and  alcohol,  and  the  average  cabical  e3q>an- 
sion  of  gases.  No  liquids  are  givea  except  mercury  and 
alcohol,  for  the  reason  that  the  ojefficient  of  expansion  for 
liquids  is  different  for  ditterent  temperatures. 

TABLE  19. 


Name  of  Sabstance. 


Linear  Surface  Cubic 

Expansion.       Expansion.    •   Expansion. 


Cast  Iron (iOiXm}!? 

Copper C<MX»055 

Brass OX)01037 

Silver fHXKX)69C» 

Bar  Iron .00000086  ' 

Steel  (untempered) 00000599 

Steel  (tempered) 0000070-2  i 

Zinc OOOOICS^I 

Tin 00001410  ' 

Mercury 00003334: 

Alcohol  .00019259 

Oases 


00001234  I 

iXK>01910 

00002074  , 

r»0001390 

00001372 

00001198 

00001404 

00003268 

00002820 

00006668 

00038518 


.00001850 
.00002864 
.00003112 
.00002070 
.00002058 
.00001798 
.00002106 
.00004903 
.00003229 
.00010010 
.00057778 
.00203252 


1113*     Let  L  =  length  of  any  body ; 

/  =  amount  of  expansion  or  contraction  due 

to  heating  or  cooling  the  body ; 
A  =  area  of  any  section  of  the  body; 
a  =  increase  or  decrease  of  area  of  the  same 

section  after  heating  or  cooling  the  body ; 
V=  volume  of  the  body; 
V  =  increase  or  decrease  in  volume  due  to 

heating  or  cooling  the  body; 
C,=  coefficient   of    expansion    taken    from 

column  1,  Table  19; 

coefficient      taken      from     column     2, 


/-= 


Table  19; 
coefficient 
Table  19; 
difference 


taken      from     column     3, 
in    degrees   of   temperature 
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between  the  original  temperature  and 
the  temperature  of  the   body   after  it 
has  been  heated  or  cooled. 
Then,  /=Z  C, /.         '(67.) 
a=zAC,f,  (68.) 

v=VC,  /.  (69.) 

Example. — How  much  will  a  bar  of  untempered  steel,  14  ft  long, 
expand  if  its  temperature  is  raised  80"  ? 

Solution. — Since  only  one  dimension  is  given,  that  of  length,  linear 
expansion  only  can  be  considered.  From  Table  19  the  coefficient  of 
linear  expansion  per  unit  of  length  for  a  rise  in  temperature  of  1**  is 
found  to  be  .00000599  for  untempered  steel.  Hence,  using  formula 
67,  /=ZCi/,  and  substituting  14 X  .00000599  X  80  =  .0067088  ft.,  or 
.0067088  X  12  =  .0805056  in. 

This  seems  to  be  a  very  small  amount,  but  in  engineering 
constructions,  where  long  pieces  are  rigidly  connected,  it 
must  be  taken  into  account.  If  the  cross-section  of  the 
above  bar  were  2  in.  square,  and  the  bar  was  fitted  tightly 
between  two  supports,  an  expansion  of  the  above  amount 
would  exert  a  pressure  against  the  supports  of  about  58,000 
pounds. 

Suppose  that  an  iron  rod  1^  inches  in  diameter  and  100 
feet  long  was  used  as  a  tie-rod  in  constructing  a  bridge ; 
that  it  was  put  in  place  and  securely  fastened  to  two  rigid 
supports  during  a  warm  day  in  summer  when  the  tempera- 
ture in  the  sunlight  was,  say,  110".  On  a  cold  day  in  win- 
ter, when  the  thermometer  registered  zero,  the  amount  that 
the  bar  would  tend  to  shorten,  owing  to  this  change  in  tem- 
perature, would  be,  substituting  these  values  in  formula  67, 

.00000686  X  100  X  110  =  .07546  ft.  =  .90552  in. 

If  this  rod  were  rigidly  secured,  so  that  it  could  neither 
stretch  nor  shorten,  it  would  then  exert  a  pull  on  the  sup- 
ports of  about  33,400  pounds. 

Example. — The  wheel  center  of  a  hx^omotive  driver  is  turned  to 
exactly  50"  in  diameter.  If  the  steel  tire  be  bored  49.94"  in  diameter, 
to  what  temperature  must  the  tire  be  raised  in  order  that  it  may  be 
easily  shoved  over  the  center  ?  Assume  that  the  diameter  of  the  tire 
is  expanded  to  j^uv  of  an  inch  larger  than  the  center,  and  that  the 
original  temperature  is  60*. 
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Solution.— For  thia  case  formula  68  may  be  usctf.  The  origina] 
diameter  of  the  lire  is  40.114  in.,  anil  it  is  to  be  increased  lo  50.001  . 
The  area  of  a  circle  49.94"  in  diameter  is  1,958.79  sq.  in.;  area  of 
a  circle  50.001"  in  diameter  is  l,B03.58sq.  in.  The  difference  between 
them  is  1.963.W-l.l>08,T9  =  i79  sq.  in.  =  a  in  formula  «S.  Hence, 
since  r,  =  .00001198,  and  ^s  1,058.79,  substitute  these  values  in  a 
=:ACt/.   and  479  =  1,1158.70  X  -OOOOUIW  X  /  =  .023460 1.     Therefore, 


/  = 


M3im 


=  aM.12.'>-.  and  204.13r)"  +  CO''  =264.130'.    Ajis. 


I 


Note. — Owing  to  the  furm  of  the  equation  here  denoted  by  formula 
B8,  and  to  the  manner  in  which  the  coefficients  C,  were  determined, 
this  example  may  be  more  easily  solved  by  means  of  formula  67. 
Thus,  regard  the  diameter  as  a  linear  dimension  and  apply  formula 
67.  Increase  in  diameter  =  1  =  50.001  -  48.94  =  .OUl".  L  =  49.94 
and  (T,  =  .00000599.     Substituting  .OSl  =  40.04  X -00000599  X  ^   or  /  = 


The  slight  difference  in  the  two  resultB  is   immaterial,  ai 
have  been  expected. 


i  to 


-What  is  the  decrease  in  volume  of  a  copper  cylinder  30" 

in  diameter  if  cooled  from  212°  to  0',  the  measurement 
I  a  temperature  of  70*  7 

.  temperature  above 


Ex  AMP  LB.' 

long  and  32" 
being  taken  i 

Solution.— 212~  ~  70°  =  143°  =  tl 
70°.    Use  formula  6».  v-  WC.  t. 

r  =  22>X. 7854x80  =  11.404 cu.  in. 

:'  =  11,404  X  .00002864  X  142  =  40.38  cu.  in. 

11,404  +  49.38  =  11,460.88  cu.  in.  =  the  volume  at  218*. 

70°  —  0'  =  70"  =  the  difference  in  temperature. 

V  =  11,404  X  .00002864  X  70  =  22.86  cu.  in.,  nearly. 

4S.38  +  23.86  =  69.24  cu.  in.    Ans. 

The  bars  of  a  furnace  must  not  be  fitted  tightly  at  their 
extremities,  but  must  he  free  at  one  end;  otherwise,  in  ex- 
panding they  would  split  the  masonry. 

In  laying  the  rails  on  railways,  a  small  space  is  left  between 
the  successive  rails;  for,  if  they  touched,  the  force  of  ex- 
pansion would  cause  them  to  curve  or  to  break  the  chairs. 
Water-pipes  are  fitted  to  one  another  by  means  of  telescope 
joints,  which  allow  room  for  expansion;  so,  also,  are  steam 
pipes,  by  means  of  the  so-called  expansion  joints.  If  a  glass 
vessel  is  heated  or  cfK:)led  too  rapidly,  it  cracks,  especially  if  ' 
it  is  thick;  the  reason  for  this  is  that,  since  glass  is  a  poor  | 
conductor  of  heal,  the  sides  become  unequally  heated,  and, 
RODsequently,  unequally  expanded,  which  causes  a  fracture. 
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1114.  It  will  be  found,  upon  trial,  that  the  three  preced- 
ing formulas  will  not  work  back;  i.  e.,  if  the  length  of  a 
bar,  after  it  has  been  heated,  be  found  by  formula  67,  and 
an  attempt  be  made  to  reduce  the  bar  to  its  original  length 
by  again  applying  formula  67,  and  substituting  for  /  the  same 
value  as  in  the  first  case,  the  value  obtained  for  /  will  be 
slightly  different  in  the  two  cases.  The  difference,  however, 
is  so  slight  that  it  is  neglected  in  practice.  If,  however,  the 
student  desires  to  obtain  exactly  the  same  result  in  both 
cases,  he  must  use  the  following  more  cumbersome  formula, 
in  which  /„  /„  /„  /„  are,  respectively,  the  original  and  final 
temperatures,  the  original  and  final  lengths,  and  C^  has  the 
same  value  as  in  formula  67 : 

This  formula  is  always  used  when  calculating  the  expan- 
sion of  gases  by  substituting  V^ ,  F„  and  --—  for  /,,  /„  and 

C^ ,  respectively.  The  results  obtained  will  be  exactly  the 
same  as  those  obtained  by  formula  58,  Art.  1054.  For, 
substituting  the  values  as  directed,  the  formula  becomes 


V.^ 


492  +  /,  -  32 

F= ^^ xF  = 

»      492  +  /,  -  32  ^     ' 


492 


/4G0+_^W 
V460 -+-/.;    »• 


1115«  Although,  as  stated  before,  solids  and  liquids 
expand  very  nearly  uniformly  throughout  all  ranges  of 
temperature,  water  is  a  marked  exception  to  the  general 
rule.  If  water  is  cooled  down  from  its  boiling  point,  it  con- 
tinually contracts  until  it  reaches  39.2°  F.,  when  it  begins 
to  expand,  until  it  freezes  at  32"*  F.  On  the  other  hand,  if 
water  at  32°  F.  is  heated,  it  contracts  until  it  reaches  39.2° 
F.,  when  it  commences  to  expand.  Therefore,  the  density 
of  water  is  greatest  where  this  change  occurs.  The  im- 
portance of  this  exception  is  seen  in  the  fact  that  ice  forms 
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on  the  surface  of  water,  since  it  is  lighter  than  the  warmer 
body  of  water  lying  at  varying  depths  below  it.  Were  it 
not  for  this  fact,  all  the  large  bodies  of  water  would  freeze 
solid,  and  would  so  affect  the  climate  of  the  earth  that  it 
would  be  uninhabitable.  The  coefficient  of  expansion  of 
water  is  such  a  very  changeable  quantity  (varying  with  the 
temperature)  that  a  special  table  is  necessary. 

1 1 1 6*  The  effect  of  heat  upon  the  expansion  of  gases 
was  treated  of  in  Arts.  1056,etc.,  and  will  not  be  repeated 
here.  It  should  be  stated,  however,  that  the  constant 
.37052,  used  in  formulas  60  and  61,  Arts.  1056  and 
1057,  has  that  value  only  for  air.  For  other  gases  it 
varies.  If  the  value  of  this  constant  for  any  gas  be  repre- 
sented by  R^  formula  61,  Art.  1057,  becomes 

pV^RWr,  (71.) 

The  value  of  R  for  several  gases  is  given  in  Table  20. 

TABLE  20. 


Gas. 


Air 

Oxygen. 
Nitrogen 


Volume  of 
One  Pound 

at 
32"  F.  and  a 
Tension  of  1 
Atmosphere 

(14.7  lb. 
per  sq.  in.). 


12.388 

11.2050 

12.7220 


Hydrogen !  178.801 


Weight  of 
One  Cu.  Ft. 

at 
32"  F.  and  a 
Tension  of  1 
Atmosphere 

(14.7  lb. 
per  sq.  in.). 


.080731b. 
.080251b. 
.0780  lb. 
.00550  1b. 


R. 


.37052 

.33552 

.38143 

5.3494G 


Example. — What  is  the  volume  of  3  ounces  of  hydrogen  gas  having 
a  tension  of  20  pounds  per  square  inch  and  a  temperature  of  80**  ? 

Solution. — 3  ounces  —  y^  of  a  pound.    Since  /  —  80',  T—  460  +  80  = 
540 \    R  =r.  r).'Mi)\6  from  Table  20.      Hence,  by  formula  7 1 ,/  F=  A*  JF  T, 

or    20F=5.34946X  Ax. 540:::.  54 1.6328,    and     V  =^^^^^ 

cu.  ft. ;  say,  27.082  cu.  ft.     Ans. 


=  27.08164 
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Example. — ^What  is  the  weight  of  10  cu.  ft.  of  oxygen  having  a  tension 
of  one  atmosphere  and  a  temperature  of  60"  ? 

Solution.— By  formula  71,/  F= /?  ^T".  or  10  x  14.7  =  .88552  X 
IV  X  520.     Hence,  147  =  1744704  W, 

and  ^=  ,  ^i^'L.1  =  -84255  lb.     Ans. 
174.4  <U4 

In  Table  19  the  coefficient  of  expansion  for  gases  was 
given  as  .00203252;  this  is  the  fraction  ^^  reduced  to  a 
decimal.  This  value  of  the  coefficient  of  expansion  is  very 
nearly  the  same  for  all  gases,  particularly  so  for  those  which 
are  very  difficult  to  liquefy. 


EXAMPLES  FOR  PRACTICE. 

1.  What  are  the  absolute  temperatures  corresponding  to  {a)  120"  R-, 
(b)  120"  C,  and  {c)  120"  F.  ?  (  {a)  888f"  R. 

Ans.  \  (d)  893t"  C. 
(  {c)  580"  F. 

2.  Change  --  10"  R.  to  the  corresponding  Fahrenheit  and  Centigrade 
readings.  Ans.  9i"  F. ;  -  12J"  C. 

3.  (a)  How  much  will  an  iron  tie-rod  60  ft.  long  expand  when  the 
temperature  is  raised  from  40"  to  110"  ?  (d)  Calculate,  also,  by  formula 
70.    (c)  What  is  the  difference  of  the  two  results  ?  (  (a)  .845744'. 

Ans.    -j  {d)  .845725^ 
(  (c)  .000019'. 

4.  To  what  temperature  must  a  steel  tire  of  59.93'  internal  diameter 
be  raised  in  order  that  its  diameter  may  be  60.0015'  ?  Original  tem- 
perature =  71".  Ans.  270'. 

5.  What  is  the  volume  of  .68  lb.  of  nitrogen  gas  having  a  tension  of 
20  lb.  per  sq.  in.  and  a  temperature  of  345"  ?  Ans.  10.44  cu.  ft. 


HEAT   PROPAGATION. 

1117.  Heat  Is  propasated  through  matter  and  space 
in  three  different  ways — by  conduction^  by  convection^  and  by 
radiation. 

1118*  Conduction  is  the  slow  progress  of  the  vibra- 
tory motion  from  places  of  higher  to  places  of  lower  tempera- 
ture in  the  same  body.  The  rate  at  which  heat  is  conducted 
varies  greatly  with  different  substances,  the  good  condtictors 
being  those  in  which  conduction  is  most  rapid,  and  the  bad 
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conductors  being  those  in  which  it  is  very  slow.  The  metals 
furnish  the  best  conductors,  and  of  these,  silver  stands  first, 
and  copper  second.  The  fluids,  both  liquid  and  gaseous, 
are  very  poor  conductors  of  heat.  Water,  for  example,  can 
be  made  to  boil  at  the  top  of  a  vessel  while  a  cake  of  ice  is 
fastened  within  a  few  inches  of  the  surface.  If  thermom- 
eters are  placed  at  different  depths,  while  water  boils  at  the 
toPy  it  is  found  that  the  conduction  of  heat  downwards  is 
very  slight. 

1119.  Representing  the  conductivity  of  silver  by  100, 
the  following  table  shows  the  conducting  power  of  a  number 
of  the  metals: 

Silver 100.0  Iron 11.9 

Copper 73.6  Steel 11.6 

Gold 53.2  Lead 8.5 

Brass 23.1  Platinum 8.4 

Zinc 19.0  Rose's  Alloy 2.8 

Tin 14.5  Bismuth 1.8 

Organic  substances  conduct  heat  poorly.  This  enables 
trees  to  withstand  great  and  sudden  changes  in  the  atmos- 
phere without  injury.  The  bark  is  a  poorer  conductor  than 
the  wood  beneath  it.  Cotton,  wool,  straw,  bran,  etc.,  are 
all  poor  conductors.  Rocks  and  earth  are  poorer  conductors 
as  the  less  dense  and  homogeneous  is  the  mass;  hence,  the 
length  of  lime  required  for  the  sun's  rays  to  penetrate  the 
earth.  The  mean  highest  temperature  of  the  air  near  the 
ground  in  Central  Europe  is  in  the  month  of  July,  but  at  a 
depth  of  from  25  to  28  feet  in  the  earth  it  is  in  the  month  of 
December. 

1  1 2(K  Convection  is  the  transfer  of  heat  by  the 
motion  of  the  heated  matter  itself.  It  can,  therefore,  take 
pliiee  only  in  fluids  and  gases.  For  example,  as  heat  is 
applied  to  the  bottom  and  sides  of  a  vessel  of  water,  the 
densities  of  the  heated  i)articles  decrease,  and  they  are 
crowded  up  by  the  heavier  ones  which  take  their  places. 
There  is  thus  a  constant  circulation  going  on,  which  tends 
to  equalize  the  temperature  of  the  whole  by  bringing  the 
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hot  portions  in  contact  with   the  colder,  and  also  greatly 
facilitates  the  conduction  of  heat  among  the  molecules. 

1121.  Radiation  of  heat  is  the  communication  of 
heat  from  a  hot  body  to  a  colder  one,  across  an  iotervening 
space  between  them.  The  best  example  of  radiant  heat  is 
that  received  from  the  sun,  the  intervening  space  in  this 
case  being  93,000,000  miles.  A  person  standing  in  front  of 
a  fire,  but  at  some  distance  from  it,  feels  a  sensation  of 
warmth  which  is  not  due  to  the  temperature  of  the  air,  for, 
if  a  screen  be  interposed  between  him  and  the  fire,  the  sen- 
sation immediately  ceases,  which  would  not  be  the  case  if 
the  surrounding  air  had  a  high  temperature.  Hence,  bodies 
can  send  out  rays  which  excite  heat  and  which  penetrate  the 
air  without  heating  it.  This,  of  course,  is  radiant  heat, 
and  takes  place  in  all  directions  around  the  body. 

1122.  The  intensity  of  lieat  radiutiua  from  a 
Elvcn  source 

1. — Varies  as  the  temperature  of  the  source. 

2. —  Varies  inversely  as  the  square  of  the 
distance  from  the  source  ;  and, 

S. — Grows  less  as  the  inclination  of  the 
rays  to  the  given  radiant  surface  grows  less. 

The  truth  of  all  these  laws  has  been  es- 
tablished by  careful  experiment,  and  the 
second  is  still  further  verified  by  math- 
ematical calculations. 

1 1 23.  Radiant  heat  is  transmitted  in 
a  vacuum  as  well  as  in  air.  This  is  demon- 
strated by  the  following  experiment: 

In  the  top  of  a  glass  flask  a  thermometer 
is  fixed  in  such  a  manner  that  its  bulb 
occupies  the  center  of  the  flask.  See  Fig. 
217.  The  neck  of  the  flask  is  carefully 
narrowed  by  means  of  the  blowpipe;  the 
flask   is   then   attached  to  an  air   pump. 


[,uid  a  vacuum    prodm 


the     interior.      This    being 
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a.c-'T'C^npiisctfsi  tbi  t-r«  3  s^al-od  at  the  narrow  part.  On 
imm^rrKn^  in  h-:t  wat«r.  -cr  -.g  bringing  the  flask  near  some 
hoc  charc'-jal,  the  merciirT  is  seen  to  rise  at  once.  It  can 
rise  only  bj  reason  c4  the  radiation  through  the  vacuum  in 
the  interior,  i^jr  glass  is  s::ch  a  poor  conductor  that  the  heat 
could  not  travel  with  sufficient  rapidity  through  the  sides 
of  the  flask  and  the  stem  of  the  thermometer  to  cause  this 
aknost  instantaneous  rise. 

1 1 2-ft*     The  radiating  poiver  of  beatcd  surfacea 

also  depends  very  greatly  upon  the  form,  shape,  and  the 
material  of  which  they  are  composed.  If  a  cubical  vessel, 
filled  with  hot  water,  has  one  of  its  vertical  sides  coated  with 
polished  silver,  another  with  tarnished  lead,  a  third  with 
mica,  and  the  fourth  with  lampblack,  experiment  has 
shown  that  the  radiating paurcr  will  be  respectively  about  in 
the  ratio  of  2.5:45:80:100,  or  that  bright  surfaces  radiate 
less  heat  than  dark  ones  having  the  same  temperature. 

In  the  same  way  it  is  found  that  the  heat-absorbing  power  of 
bodies  varies  in  a  similar  manner.  Lampblack  reflects  few  of 
the  heat  rays  which  impinge  upon  it ;  nearly  all  are  absorbed, 
while,  on  the  other  hand,  polished  silver  reflects  the  greater 
part  of  the  radiations,  and  absorbs  only  about  2^  per  cent. 

Some  substances  neither  absorb  nor  reflect  the  heat  rays 
to  any  extent,  but  transmit  nearly  all  of  them  just  as  glass 
transmits  light.  For  example,  rock  salt  reflects  less  than  8 
per  cent,  of  the  radiation  it  receives,  absorbs  almost  none, 
and  transmits  92  per  cent. 

1125.  It  will  now  be  seen  that  there  is  a  system  of 
exchange  going  on  between  heated  bodies  at  all  times, 
which  tends  to  an  equalization  of  temperature.  The  hot 
Ixxlies  are  always  cooling,  and  the  cold  bodies  are  always 
tending  towards  a  rise  in  temperature,  so  that  heat  is 
cr(!alcd  only  to  be  diffused  and  apparently  lost.  That  it  is 
not  lost,  however,  will  be  shown  in  the  subsequent  pages. 

1  1  20.  I>yiianilcal  Theory  of  Heat. — Before  going 
any  farther,  it  will  be  convenient  to  explain  here  the  view  now 
generally  taken  as  to  the  mode  in  which  heat  is  propagated. 
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On  this  subject,  it  is  stated  in  Ganot's  Physics:  "A 
hot  body  is  one  whose  molecules  are  in  a  state  of  vibration. 
The  higher  the  temperature  of  a  body,  the  more  rapid  are 
these  vibrations,  and  a  diminution  in  temperature  is  but  a 
diminished  rapidity  of  the  vibrations  of  the  molecules.  The 
propagation  of  heat  through  a  bar  is  due  to  a  gradual  com- 
munication of  this  vibratory  motion  from  the  heated  pari 
to  the  rest  of  the  bar.  A  good  conductor  is  one  which 
readily  takes  up  and  transmits  the  vibratory  motion  from 
molecule  to  molecule,  while  a  bad  conductor  is  one  which 
takes  up  and  transmits  the  motion  with  difficulty.  But, 
even  through  the  best  of  the  conductors,  the  propagation  of 
this  motion  is  comparatively  slow.  How,  then,  can  be  ex- 
plained the  instantaneous  perception  of  heat  when  a  screen 
is  removed  from  a  fire,  or  when  a  cloud  drifts  from  the  face 
of  the  sun  ?  In  this  case,  the  heat  passes  from  one  body  to 
another  without  affecting  the  temperature  of  the  medium 
which  transmits  it.  In  order  to  explain  these  phenomena, 
it  is  imagined  that  all  space,  the  space  between  the  planets 
and  the  stars,  as  well  as  the  interstices  in  the  hardest  crys- 
tal and  the  heaviest  metal— in  short,  matter  of  any  kind — 
i  permeated  by  a  medium  having  the  properties  of  matter 
of  infinite  tenuity,  called  ether.  The  molecules  of  a  heated 
body,  being  in  a  state  of  intensely  rapid  vibration,  communi- 
cate their  motion  to  the  ether  .around  them,  throwing  it 
into  a  system  of  waves  which  travel  through  space  and  pass 
from  one  body  to  another  with  the  velocity  of  light.  When 
the  undulations  of  the  ether  reach  a  given  body,  the  motion 
is  given  up  to  the  molecules  of  that  body,  which,  in  their 
turn,  begin  to  vibrate;  that  is,  the  body  becomes  heated. 
This  process  of  this  motion  through  the  ether  is  termed 
radiation,  and  what  is  called  a  ray  of  heat  is  merely  one 
series  of  waves  moving  in  a  given  direction." 


HEAT    MBASURKMENT. 
1127.     The  Unit  of  Heat.— There  are  three  units  in 
use  for  measuring  the  quantity  of  heat  given  up  or  absorbed 
by  a  body  when  heated  or  cooled. 


JUl 


Snivt  :  *  '    =  i  •  1"  ♦  _  i  5:ilir 


rf  tuat 

A  cher- 

d  ibc  thcr- 

t>  change 

«  R  T.  U. 
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I  I  rfi|«     Tbc  Caloric — 74:<r  awumut  cf  kimt  necessary  to 

rut  It  ont  kilogram  of  '^atir  1'  C.  is  callnl  m  cmiorie.  One 
V..'^r;ir;i  zrz  ;x/':r.ds  and  1'  C,  =-fXl"F. ;  hence,  a 
';».'/,'.'  j^jj  /  \  -  ';.'•';  B.  T.  U.  The  calorie  is  used  in 
i't.a.r'z  :xrA  \r^  o»h':r  countries  using  the  metric  system  of 


HI»ECIFIC    HEAT. 

1  I  n  I .     When  rrqual  weights  of  two  different  substances, 

li.ivin^/  th'!  ;>;ini':  temperature,  are  placed  in  similar  vessels 
»in<l  :jihj'r  tirl  fr,r  ilic  saiuc  length  of  time  to  the  heat  of  the 
h.iMir  I.I  nip,  or  an:  jilaced  at  the  same  distance  in  front  of 
iIm  fwiiiM'  (iir,  it  is  found  that  their  final  temperature  will 
ilillri  I  «Mr»iiI<Tal)ly  ;  thus,  mercury  will  be  much  hotter  than 
w.ih  I  hut  a;»,  from  the  conditions  of  the  experiment,  they 
li.ivr  r.M  It  hrrii  hm civing  the  same  amount  of  heat,  it  is 
ill  .11  tlt.it  titr  i|uantily  of  heat  which  is  sufficient  to  raise 
llir  t«  nipciiitiirc  ol    mercury  through  a  certain  number  of 
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degrees  will  raise  the  same  weight  of  water  through  a  less 
number  of  degrees ;  in  other  words,  it  requires  more  heat  to 
raise  a  certain  weight  of  water  one  degree  than  it  does  to 
raise  the  same  weight  of  mercury  one  degree.  Conversely, 
if  the  same  quantities  of  water  and  of  mercury  at  200°  be 
allowed  to  cool  down  to  the  temperature  of  the  room,  the 
water  will  require  a  much  longer  time  for  the  purpose 
than  the  mercury;  hence,  in  cooling  through  the  same 
number  of  degrees,  water  gives  up  more  heat  than  does 
mercury. 

1132.  The  number  of  B.  T,  U,,  or  parts  of  a  B,  T,  t/., 
required  to  raise  the  temperature  of  one  pound  of  any  sub- 
stance i**  F,  is  called  the  specific  iteat  of  that  substance.  It 
will  be  seen  from  the  above  definition  that  the  specific  heat 
of  a  substance  is  the  ratio  between  the  amount  of  heat 
required  to  raise  the  temperature  of  the  substance  i°,  and  the 
amount  of  heat  required  to  raise  the  temperature  of  the  same 
weight  of  water  i°. 

If  the  specific  heat  of  lead  were  given  as  .0314,  it  would 
mean  that  the  amount  of  heat  required  to  raise  a  cer- 
tain weight  of  lead  1°  would  raise  the  same  weight  of 
water  only  .0314  of  1°,  or  it  would  mean  that  .0314 
B.  T.  U.  would  raise  the  temperature  of  one  pound  of 
lead  1°  F. 

Example. — The  specific  heat  of  copper  is  .0951 ;  how  many  B.  T.  U. 
will  it  take  to  raise  the  temperature  of  75  pounds  180*  ? 

Solution. — Since  it  takes  .0951  B.  T.  U.  to  raise  1  lb.  of  copper  1°, 
it  will  take  .0951  X  75  X  180  to  raise  75  lb.  180".  Hence,  .0951  X  75  X 
180  =  1,288.85  B.  T.  U.     Ans. 

1 1 33.  In  the  example  just  given,  if  it  had  been  re- 
quired to  raise  75  lb.  of  water  180° — that  is,  from  the  freez- 
ing point  to  the  boiling  point — it  would  have  taken  75  X  180 

=  13,500  B.  T.  U.,  andi^^l^  =  .0951  =  the  specific  heat 

lojOOO 

of  copper.     The  following  is  the  formula  for   finding  the 

number  of  B.  T.  U.  required  to  raise  the  temperature  of  a 

substance  a  given   number  of  degrees,  or  for  finding  the 


^ 
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number  of  B.  T.   U.   given  up  by  a  body   in   cooling    a 

given  number  of  degrees: 

Let  IV  =  weight  of  body  in  pounds; 

s  =  specific  heat  of  substance  composing  the  body ; 

/  =  original  temperature  of  body; 

/,  =  final  temperature  of  body ; 

n  =  number  of   B.  T.  U.  required,  or  given  up,  in 

changing  the  temperature  of  the  body  from  /° 

to  /,^ 
Then, 

n=lV{t,^t)  s.  (72.) 

Example. — A  piece  of  wrought  iron  weighing  81.8  lb.,  and  having  a 
temperature  of  900",  is  cooled  to  a  temperature  of  60* ;  how  many  units 
of  heat  did  it  give  up  ?    The  specific  heat  of  wrought  iron  is  .1188. 

Solution. — Apply  formula  72, «  =  W^(/i  —  f)s.  Substituting  n  = 
31.8  (900  -  60)  .1138  =  2,992.03  B.  T.  U.     Ans. 

If  a  body  be  cooled  from  a  temperature  /  down  to  a  tem- 
perature /,,  the  value  of  n  will  be  negative,  the  minus  sign 
indicating  that  the  body  was  cooled. 

1134.  In  the  following  table  are  given  the  specific 
heats  of  a  number  of  substances  under  constant  pressure : 

TABLE   21. 

SOLIDS. 


Copper 0.0951 

Gold 0.0324 

Wrought  Iron 0.1138 

Steel  (soft) 0.1165 

Steel  (hard) 0.1175 

Zinc 0.0956 

Brass 0.0939 

Glass 0.1937 


Cast  Iron 0.1298 

Lead 0.03U 

Platinum 0.0324 

Silver 0.0570 

Tin 0.0562 

Ice 0.5040 

Sulphur 0.2026 

Charcoal 0.2410 


LIQUIDS. 


Water 1.0000 

Alcohol 0.7000 

Mercury 0.0333 

Benzine 0.4500 

Glycerine 0.5550 


Lead  (melted) 0.0402 

Sulphur    **      0.2340 

Tin  **       0.0637 

Sulphuric  Acid 0.3350 

Oil  of  Turpentine 0.4260 
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Air 

Oxygen 

Nitrogen 

Hydrogen 

Superheated  Steam. . 

Carbonic  Oxide 

Carbonic  Acid 


Constant  Pressure. 

Constant  Volume. 

0.23751 

0.16847 

0.21751 

0.15507 

0.24380 

0.17273 

3.40900 

2.41226 

0.48050 

0.34600 

0.24790 

0.17580 

0.40400 

0.15350 

1135.  The  reason  that  there  are  two  values  for  the 
specific  heat  of  gases  is  that  it  takes  less  heat  to  raise  the 
temperature  of  a  gas  when  the  volume  is  constant  than  when 
the  pressure  is  constant  but  the  volume  varies.  Thus,  con- 
sider a  closed  cylinder  filled  with  gas.  If  heat  be  applied, 
the  pressure  and  temperature  will  both  increase.  Denoting 
the  specific  heat  for  constant  pressure  by  Sp^  and  for  constant 
volume  by  s^,  the  number  of  heat  units  required  to  heat  the 
gas  from  /**  to  /,°  will  be  s^  W {T^—  T).  If,  however,  the 
cylinder  be  imagined  to  be  fitted  with  a  frictionless  piston, 
free  to  move  up  or  down,  and  heat  be  applied,  the  gas  will 
expand,  overcoming  a  resistance  equal  to  the  weight  of  the 
piston,  plus  the  pressure  of  the  atmosphere.  Hence,  in 
addition  to  the  heat  required  to  increase  the  vibratory 
movement  of  the  molecules,  heat  is  also  required  to 
overcome  the  outer  pressure  which  remains  constant  in  this 
case.  The  number  of  heat  units  necessary  will  then  be 
Sp  IF(  J'j—  T).  This  subject  will  be  more  fully  discussed  later. 

1136.  Mlxlns  Two  Bodies  of  Unequal  Temper- 
atures.— If  a  certain  quantity  of  water  having  a  temper- 
ature of  40**  be  mixed  with  a  like  quantity  having  a 
temperature  of  100°,  it  is  evident  that  the  temperature  after 

40+100 


mixing  will  be 


2 


=  70°.    But,  if  5  lb.  of  water  having 


a  temperature  of  40°  be  mixed  with  5  lb.  of  copper  having  a 
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(73.) 


temperature  of  100°,  the  temperature  after  miziDg  will  not 
be  70°.  The  resulting  temperature  may  be  found  by  the 
following;  formula,  provided  there  ts  no  change  of  the  state 
in  the  body  (ice  melting  into  water,  etc.): 

-     If _  s^  +  IV,  i,  +  ir,  J, + (■/<-. 

in  which  /  is  the  final  temperature  of  the  miiture;  Jf„  s„ 
and  /„  the  weight,  specific  heat,  and  temperature,  respec- 
tively, of  one  body ;  Jt'„  s,  and  /„  the  same  for  second  body; 
and  H^,,  J„  and  /,.  the  same  for  a  third  body,  etc. 

Remembering  that  the  specihc  heat  of  water  is  1,  and 
getting  the  specific  heat  of  copper  from  Table  20,  the  tem* 
perature  /  will  be 

,       5  X  1  X  40  +  S  X  .0951  X  100 


5  X  1  +  5  X  .0951 


=  45.21°,  nearly. 


ExAHPLB. — If  21  lb.  of  water  at  a  temperature  of  93°  is  mixed 
with  40  lb.  o(  water  at  a  temperature  of  160°,  what  is  the  temperature 
of  the  mixture  ? 

Solution. — Since  the  specilic  heat  of  water  is  1.  it  may  be  left  out, 
in  applying  formula  73,  and  the  temperature  is  found  to  be 
,21  X5a  +  40x  180 


+  40 


-  =  123.83'.     Ans. 


Example.— A  copper  vessel  weighing  8  lb.  is  partly  filled  with 
water  having  a  temperature  of  80°  and  weighing  7.8  lb.  A  piece  of 
wrought  iron  weighing  3  lb.  4  oz.  aad  having  a  temperature  of  780'  is 
dropped  into  this  water.    What  is  the  final  temperature  of  the  mixture  ? 

Solution. — Substituting  the  values  given  in  formula  73,  and  remem- 
bering that  the  original  temperatures  of  the  copper  vessel  and  the 
water  which  it  contains  are  the  same  (3  lb.  4  oz.  =  8,2S  pounds),  we 


3  X. 0051 +  7.8  + 3.25  X. 1138  -  "  — ■  .  "™' 

ExAHPLR. — A  wrought-iroD  ball  weighing  one  p>ound  is  placed  in  a  I 
reheating  furnace ;  when  it  has  attained  the  temperature  of  the  furnace  ' 
it  is  taken  out  and  placed  in  a  copper  vessel  weighing  i  pound  and  I 
containing  exactly  3  pounds  of  water  at  a  temperature  of  75°.  Assum- 
ing that  no  water  escapes  as  steam,  and  thai  the  temperature  of  the  i 
bull,  water,  and  vessel  after  mixing  is  150%  what  is  the  temperature  of  i 
the  furnace  f 
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Solution. — Substituting  the  values  given  in  formula  73, 
.ri»  _  ^  X  .1188  X  /i  +  2  X  75  +  .5  X  .0951  X  75  _ 
lX.1138-h2  +  .5x.0951 
^^^      .1138  /,  +  153.56625 

^^  = 216135 '^^ 

166  X  2.16135  =  .1138  /,  4- 153.56625. 
Hence,  .1138  /,  =  183.60435.  or 

,.  =  1^^=1.618.4'.    Ans. 

1137.  By  means  of  formula  73,  the  specific  heat  of  a 
substance  may  be  obtained. 

Thus   in  / -  ^rS.^.+  Ks,^,+  Ks,t,  +  eU. 
inus,  mr-        lV,s^+  lV,s^+  W,s^  + etc,      ' 

suppose  that  the  specific  heat  s^  be  required  and  all  of  the 
other  quantities,  including  /,  are  known. 

Then,  solving  the  above  equation  for  .y,, 

+  etc.,   or  /  JT.j,  —  t,  W,s^  =  W^s^  /,  -  IV.sJ  ■{■  W^sJ^  — 
W,s,(  +  etc., 

or      J.  -  H/,  (/  _  /.)  •  ^^"^'f 

Example. — A  silver  vessel  weighing  13  oz.  is  suspended  by  a  string; 
1  lb.  4  oz.  of  water  having  a  temperature  of  120**  is  poured  into  it,  and 
in  this  is  placed  a  piece  of  metal  weighing  14  oz.  and  having  a  temper- 
ature of  100°.  If  the  temperature  of  the  vessel  was  72%  and  the 
temperature  of  the  mixture  is  117",  what  is  the  specific  heat  of  the 
piece  of  metal  ? 

Solution. — Using  formula  74,  and  letting  JVu  Ji.  and  A  represent, 
respectively,  the  weight,  specific  heat,  and  temperature  of  the  silver 
vessel,  IVt,  J«,  and  /«  ditto  for  the  water,  and  IV9,  J3,  and  /» the  same 
for  the  piece  of  metal, 

•~  lVz(t-tt) 

13  X. 057  (72  -  117) -h  20  X  1(120- 117)  _ 
14(117-100)  " 

-33.345  4-60        ..„       . 
^^g =  .112.     Ans. 

All  weights  must  be  reduced  to  either  pounds  or  ounces 
before  substituting. 
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BXAMPLES  FOR  PRACTICE, 

1.  How  many  units  of  heat  are  required  to  raise  the  temperature  <t(    i 
10  ox.  of  platinum  from  80'  to  3.000°  ?  Ans.  38.88  B.  T.  IT. 

2.  In  order  to  determine  the  specijic  heat  of  a  certain  alloy,  a  piece    ' 
weighing  12}  oz.  was  heated  to  a  temperature  of  330^.  and  was  then 
immersed  in  2  lb.  6  at.  of  water  contained  in  a  lead  vessel  weighing 

4  lb.  7  oz.  The  leniperature  of  the  water  and  of  the  vessel  being  70", 
what  was  the  specific  heat  of  the  alloy  if  the  temperature  of  the  mixture 
waa7B°?  Ans.  .1202. 

3.  In  order  to  determine  the  temperature  uf  a  chimney,  a  silver  bar 
weighing  20  oz.  is  placed  in  it  until  it  has  attained  the  same  tempera- 
ture. It  is  then  immersed  in  1  lb.  of  water  contained  in  a.  brass  vessel 
weighing  10  oz.  The  temperature  of  the  vessel  and  water  being  65", 
and  of  the  mixture  OSI",  what  was  the  temperature  of  the  chimney  i 

Ans.  5W\ 
i.    An  iron  casting  weighing  3  tons  is  cooled  from  2,100°  to  100°; 
(i>)  how  many  units  of  heat  does  it  give  up?    {6)  If  all  this  heat  could 
be  utilized,  how  many  pounds  of  coal  would  it  be  equivalent  to,  assum- 
ing that  1  lb.  of  coal  gives  out  14,D00  B.  T.  U.  during  its  combustion  ? 
((«)  1,557,800  B,  T.  U. 
*■  1  (*)   107.43  lb. 


LATENT    HEAT. 

1 138.  In  all  that  has  been  said  in  the  preceding  pages, 
only  the  phenomena  relating  to  sensible  heat  have  been  con- 
sidered. If  a  quantity  of  pounded  ice  at  a  temperature  of 
32°  be  put  in  a  vessel  and  held  over  the  flame  of  a  spirit 
lamp,  heat  passes  rapidly  into  the  ice  and  melts  it;  but  a 
thermometer  resting  in  this  mixture  of  ice  and  water  shows 
no  tendency  to  rise;  it  will  remain  at  33°  until  all  of  the  ice 
has  been  melted.  Where  has  the  heat  gone  that  was  sup- 
plied to  the  ice  ?  This  question  was  first  investigated  by  Dr. 
Black,  of  Edinburgh,  in  17G0,  and  is  easily  explained  by  the 
modern  dynamical  theory  of  heat. 

Dr.  Black  took  a  pound  of  water  and  a  pound  of  ice,  both  , 
having  a  temperature  of  32°,  and  placed  them  in  two  vessels 
suspended  in  a  chamber  which  was  kept  at  as  nearly  a  uni- 
form temperature  as  possible.  At  the  end  of  half  an  hour 
the  temperature  of  the  water  was  30.2",  but  the  ice  did  not 
reach  that  temperature  until  lU^  hours  had  passed,  being 
melted,  of  course,  in  the  meantime.     Dr.  Black  reasonably 


assumed  that  the  ice  received  the  same  quantity  of  heat 

that  the  water  did  in  each  half-hour,  because  it  was  placed 

in  exactly  the  same  position  in  regard  to  the  surrounding 

air;  that  is  to  say,  it  received  39.2  —  32  =  7.2  units  of  heat 

every  half-hour,  or  14.4  units  every  hour,  and  14.4  X  10J  = 

151.3  units  in  lOJ  hours.     Hence,  it  took  151.2  -  7.2  =  144 

units  of  heat   to  change  the  one  pound  of  ice  at   32°  into 

water  at  33°;  more  accurate  determinations  have  fised  this 

number  as  142.(15,  and  this  value  will  be  used  in  this  volume 

whenever  the  occasion  arises  for  using  it.     If  a  pound  of 

water  having  a  temperature  of  212°  be  mixed  with  a  pound 

of  water  having  a  temperature  of  32°,   the  temperature  of 

212-1-32 
the  mixture  will  be —■ =  122",  the  boiling  water  giving 

up  90°  and  the  cold  water  receiving  00°,  thus  bringing 
both  to  a  common  temperature.  If  a  pound  of  ice  at  a 
temperature  of  32°  be  mixed  with  a  pound  of  water  at  a 
temperature  of  212°,  the  temperature  of  the  mixture  will 
be  only  50.(i75°,  instead  of  122,  as  in  the  previous  case. 
Here,  the  water  has  given  up  212  —  50.075  =  l(il.325  units 
of  heat  in  order  to  bring  both  bodies  to  a  common  tem- 
perature. Since  the  temperature  of  the  ice  was  raised 
from  32°  to  50.075°,  it  follows  that  50.675  —  32^18.675 
units  of  heat  were  used  to  raise  the  temperature  of  the  ice 
after  it  had  bten  melted  into  water,  and  l(il.325  —  18.675  = 
142. 05  units  of  heat  were  necessary  to  convert  the  ice  at  32° 
into  water  of  the  saijie  temperature.  This  extra  number  of 
units  of  heat,  which  is  necessary  to  convert  a  solid  into  a 
liquid  of  the  same  temperature  without  raising  the  temper- 
ature of  the  solid,  is  called  the  latent  heat  of  fusion,  and 
the  temperature  at  which  this  change  of  stale  in  the  body 
takes  place  is  called  the  meltlns  point,  or  temperature 
of  fusion.  All  solids  probably  have  a  latent  heat  of  fusion, 
the  word  probably  being  used  because  some  solids  have 
never  been  melted,  except  at  such  high  temperatures  that 
accurate  measurements  are  not  possible,  but  its  value  varies 
greatly  for  different  substances,  being  greater  for  ice  than 
for  any  other  known  solid,  while   for  frozen  mercury  its 
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value  is  only  5,09;  that  is,  to  change  one  pound  of  frozen 
mercury  at  its  temperature  of  fusion  (—  37.8°F. )  into  liquid 
mercury  of  the  same  temperature  requires  only  5.09  units 
of  heat.  Now,  it  is  reasonable  to  suppose  that  if  it  requires 
142.1)5  units  of  heat  to  convert  a  pound  of  ice  at  32°  into 
water  at  32°,  then  the  same  number  of  heat  units  would  be 
given  up  when  water  at  32°  is  changed  into  ice  at  32° ;  experi- 
ment has  verified  this. 

1139<  If  water  be  heated  to  its  boiling  point  of  212° 
under  a  constant  pressure  of  14.69  lb.  per  sq.  in.,  it  has  been 
found  by  experiment  that  it  will  require  about  S6(j  units  of 
heat  per  pound  of  water  to  change  it  into  steam  at  212". 
This  extra  number  of  units  of  heat  necessary  to  convert  a 
liquid  into  a  gas.  or,  rather,  vapor,  of  the  same  temperature 
and  pressure  is  called  the  latent  heat  of  vaporization, 
and  the  temperature  at  which  this  change  of  state  takes 
place  is  called  the  temperature  of  vaporizatloa. 

1140.  According  to  the  modern  theory  of  heat,  the 
extra  quantity  of  heat  necessary  for  a  change  of  state  of  a 
body  is  used  in  forcing  the  molecules  of  a  body  farther  apart, 
and  in  overcoming  the  force  of  cohesion.  This  latent  heat 
is  not  lost,  but  performs  work  in  giving  additional  energy  to 
the  molecules  of  a  body,  and  it  always  reappears  when  the 
body  resumes  its  former  state.  Thus,  for  instance,  a  pound 
of  steam  under  a  pressure  of  one  atmosphere  contains  9C(i  + 
180=  1,14C  units  of  heat  more  than  does  a  pound  of  water 
at  32°.     Hence,   if  1  lb.   of  steam  at  212°  be  mixed  with 

-r^  =  5.37  lb.  of  water  at  32°,  the  temperature  of  the  mix- 
ture will  be  exactly  212°,  or  the  boiling  point  of  water;  in 
other  words,  the  steam  raised  5.37  lb.  of  water  from  the 
freezing  point  to  the  boiling  point  without  lowering  its  own 
temperature,  by  merely  changing  from  steam  into  water. 
If  a  pound  of  water  at  a  temjierature  of  32°  be  changed  into 
ice  of  the  same  temperature,  1-12.  G5  units  of  heat  will  be 
given  up  during  this  change  of  state. 
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1141,  In  the  following  table  are  given  the  temperatures 
of  fusion  and  of  vaporization,  and  the  latent  heats  of  fusion 
and  vaporization,  whenever  they  have  been  determined  with 

sufficient  accuracy : 

TABLE  22. 


Substance. 

Tempera- 
ture of 
Fusion. 

Tempera- 
ture of 
Vaporiza- 
tion. 

Latent 
Heat  of 
Fusion. 

Latent 
Heat  of 
Vaporiza- 
tion. 

Water 

32° 

—37.8° 
228.3° 
446° 
G26° 
680° 
Unknown 
14° 

•     •    •     a 

1,400° 
2,100° 
2,192° 
2,912° 
2,520° 
3,632° 
4,892° 

212° 
662° 
824° 
*  •  •  ■ 

•     •     •     a 

1,900° 
173° 
313° 
600° 

3,300° 
5,000° 

142.65 

5.09 

13.26 

25.65 

9.67 

50.63 

•  •     .     a 

•  •     •     • 

966.6 

Mercurv 

157 

Sulphur 

Tin 

Lead 

Zinc 

493 

Alcohol 

372 

Oil  of  Turpentine 

Linseed  Oil 

Aluminum 

CoDoer 

124 

^'^I'r^'  .  •  •  .  • 

Cast  Iron 

Wrought  Iron 

Steel 

Platinum 

Iridium 

1 

The  following  example  will  show  the  purpose  of  Tables  21 
and  22 ;  their  use  will  be  further  illustrated  in  a  later  section. 

Example. — How  many  units  of  heat  will  it  be  necessary  to  use  in 
changing  12  lb.  of  ice  at  a  temperature  of  —  20"  C.  into  steam  of  212"  ? 

Solution.— By  formula  65,  //  =  {  X  —  20  +  32  =  —  4'  F.  This  is 
equivalent  to  82*  -h  4*  =  Sd'*  F.  below  the  freezing  point.  In  Table  21, 
specific  heat  of  ice  was  given  as  .504;  hence,  it  will  take  12  x  36  X  .504 
=  217.738  B.  T.  U.  to  raise  the  temperature  of  13  lb.  of  ice  from  -  4" 
to  32^  To  convert  this  ice  into  water  of  33''  will  require  143.65  X  12  = 
1.711.8  B.  T.  U.  To  raise  this  water  from  32°  to  a  temperature  of  212' 
will  require  12  X  180  =  3,160  B.  T.  U.  To  convert  it  into  steam  of  212^ 
will  require  966.6  X  12  =  11,599.2  B.  T.  U.  The  total  number  of  units 
of  heat  required  will  be  217.728  4- 1,711.8  -h  2,160  +  11,599.3  =  15,088.728 
B.  T.  U.    Ans. 
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1142.  A  solid  may  be  changed  into  a  liquid,  not  only 
by  melting  it,  but  also  by  dissolving  it,  as  salt  or  sugar  is 
dissolved  in  water.  Since  the  particles  of  the  solid  body 
must  be  torn  asunder,  in  opposition  to  the  forces  which  hold 
them  together,  it  is  reasonable  to  suppose  that  a  certain 
amount  of  heat  will  be  required  to  do  this.  That  such  is  a 
fact  may  be  easily  proven  by  any  one  having  a  thermometer. 
Put  a  thermometer  in  a  vessel  of  water,  and  leave  it  there 
until  it  indicates  the  temperature  of  the  water,  then  put  in 
Home  salt  or  sugar,  and  stir  so  as  to  make  it  dissolve  more 
(|uirkly,  and  it  will  be  found  that  the  mercury  has  fallen 
Hcveral  degrees.  In  fact,  if  any  solid  be  dissolved  in  a 
li(liii<l  that  does  not  act  chemically  upon  it,  the  temperature 
of  the  mixture  will  be  lower  than  if  the  solid  did  not  dis- 
Holve.  It  is  this  principle  that  is  taken  advantage  of  in  the 
Ho-called  freezing  mixtures.  A  mixture  of  one  part  of 
nitrate  of  ammonia  and  one  part  of  water  will  reduce  the 
temperature  from  5{f  to  4°,  a  fall  of  46°.  The  effects  are 
Htill  more  striking  when  both  bodies  are  solids,  one  of  which 
is  aln^ady  at  the  freezing  point.  Thus,  a  mixture  of  two 
parts  of  snow,  or  finely  pounded  ice,  and  one  part  of  com- 
mon salt,  will  reduce  the  temperature  from  50°  to  0°,  a 
ra!ig<!  of  r)()'\  while  a  mixture  of  four  parts  of  potash  and 
thn^c!  parts  of  snow,  or  pounded  ice,  will  lower  the  temper- 
ature from  .Ti"  to  —  51°,  a  range  of  83°. 

1  1 4CI.  LatcMit  heat  plays  an  important  part  in  every- 
day life.  It  takt's  a  long  time  and  severe  cold  to  freeze  the 
waiter  of  a  river  to  any  depth,  even  though  the  thermometer 
go(!S  far  lu'low  the  freezing  point.  This  is  because  142.65 
units  of  heat  must  l)e  given  up  by  every  pound  of  water, 
aft(!r  being  brought  to  the  freezing  point,  before  the  ice  can 
form.  If  it  were  not  for  this,  the  rivers,  lakes,  and  other 
liodies  of  water  would  be  frozen  solid  as  soon  as  the  water 
reached  the  freezing  point,  and  would  be  melted  as  soon  as 
the  temperature  went  above  that  point.  In  the  spring  all 
of  the  snow  on  the  hills  would  be  melted  during  a  warm  day, 
and  great  floods  would  be  the  consequence.     As  it  is,  142.65 


lits  of  heat  must  be  supplied  to  every  pound  of  snow  at  32" 
I  to  convert  it  into  water  at  33°, 

Example. — How  many  units  of  heal  will  it  take  to  evaporate  36  lb. 
t  mercury  from  a  temperature  of  70°  ? 

Solution. — The  temperature  of  vaporiiation  of  mercury  is  663°, 

tnd  the  specific  heat  is  .0333*  the  increase  in  temperature  from  70* 

fwUl  be  002' -  70°  =  C92".    The  number  of  units  of  heat  required  will 

693  X -0333  =  4«3.84  heat  units.     The  latent  heat  of  vaporiia- 

1  tionisl57;  hence,  403.84  +  25  x  157  =  4,417.848.  T.  U.  will  be  required. 


EXAMPLES  FOR  PRACTICE. 

f  a  pound  of  steam  at  313°  and  7  pounds  of  ice  at  33°  are  mixed 
ftvhat  will  be  the  resulting  temperature?  Ans.  50.6°. 

How  many  units  of  heat  are  required  to  vaporize  10  lb.  of  mer- 
■»ury  froma  temperatureof  100?  Ans.   1,757.146  B.  T.  U, 

How  many  pounds  of  oil  of  turpentine  at  80'  can  be  vaporized 
f  1  lb.  of  coal,  it  the  coal  gives  out  14.500 B.  T.  U.  during  combus- 
?  An3,  62.56  lb. 

How  many  pounds  of  water  at  32°  can  be  vaporized  by  1  pound 
Jwfcoal?  Ans.   13.040  lb. 

6.     How  many  pounds  of   coal   are   required   lo   raise   100   lb.    of 
["Wrought  iron  from  85'  to  its  melting  point  ?  Ans.  3.210  lb. 


SOURCES  OF  HEAT  AND  COLD. 

1 144.  Different  Sources  of  Heat. — Heat  is  derived 
[  from  the  following  sources:      1. — Physical  sources — that 

i,  the  radiation  of  heat  from  the  sun,  terrestrial  heat,  change 
I  of  state  in  bodies  and  electricity.  2. — Chemical  xuurcea, 
lor  molecular  combinations,  more  especially  combustion. 
— Mecfaanicnl  sources,  comprising  friction,  percussion. 
■.And  pressure. 

1145.  Physical  Sources. — -(1)  The  most  intense 
Bof  all  of  the  sources  of  heat  is  the  sun.  The  majority  of 
lacientists  are  of  the  opinion  that  all  of  the  heat  received  or 
■given  up  by  the  earth  has,  or  has  had,  its  source  in  the  sun 
Wit  would  be  out  of  plate  here  to  elucidate  this  theory  fully, 
land  the  subject  will  be  e.vplained  as  subdivided  above.     It 

B  the  amount  of  heat  radiated  from  the  sun,  and  received  by 


480  HEAT. 

the  earth,  that  causes  the  change  of  seasons;  that  causes 
the  water  in  the  rivers,  lakes,  and  seas  to  evaporate  and 
form  the  clouds,  to  be  again  precipitated  as  rain  or  snow. 
Without  it,  no  living  thing,  animal  or  vegetable,  could 
exist. 

(2)  The  earth  possesses  a  heat  peculiar  to  itself,  called 
terrestrial  beat.  When  a  descent  is  made  below  the  sur- 
face, the  temperature  is  found  to  gradually  increase.  This 
is  not  caused  by  the  heat  radiated  from  the  sun,  for  the 
material  comprising  the  earth  is  such  a  poor  conductor  that 
the  heat  of  the  sun's  rays  penetrates  only  a  very  short  dis- 
tance below  the  surface.  The  explanation  usually  given  for 
this  phenomenon  is  that  the  interior  of  the  earth  is  in  a 
molten  condition.  The  terrestrial  heat  exerts  but  a  slight 
effect,  not  raising  the  temperature  of  the  surface  more  than 
^^jf  of  a  degree. 

(3)  If  a  liquid  be  poured  upon  a  finely  divided  solid,  as  a 
sponge,  flour,  starch,  roots,  etc.,  the  temperature  will  be 
increased  from  1°  to  10°,  according  to  conditions.  This 
phenomenon  might  be  called  Juat  produced  by  capillarity. 

(4)  The  heat  produced  by  a  change  of  state  has  already 
been  described ;  it  is  the  heat  given  off  when  a  body  is  con- 
verted from  a  gas  or  liquid  to  a  liquid  or  solid. 

(5)  Extremely  high  temperatures  maybe  produced  by  the 
electric  current.  By  means  of  it,  quick-lime,  firebrick, 
osmium,  ])()rcelain,  and  several  other  substances,  which,  until 
very  recently,  have  resisted  every  attempt  to  melt  them, 
mav  i)e  made  to  run  like  water. 

114B.  Clicmical  SourccH. — Whenever  two  or  more 
substances  which  act  chemically  upon  one  another  are 
broujj^ht  together  and  allowed  to  combine,  heat  is  evolved. 
When  this  phenomenon  is  produced  by  oxygen  uniting  with 
carbon,  or  other  substance,  and  is  accompanied  by  light,  it  is 
called  conil>usti<>n.  This  subject  will  not  be  treated  of 
luTc ;  it  is  usually  considered  by  itself  in  works  on  chem- 
istry,  steam  boilers,  and  metallurgy. 
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1147.  Mechanical  Sources. — (1)  The  friction  be- 
t  tween  any  two  bodies  rubbed  together  produces  heat.  Rub- 
f  bing  one  hand  briskly  against  the  other  will  soon  make  the 
I  hands  too  warm  for  comfort.  The  friction  between  a  journal 
I  and  its  bearing  causes  heat ;  the  heal  causes  the  journal  and 
I  bearing  to  expand,  the  journal  expanding  more  rapidly  on 
i  account  of  being  smaller  and  being  heated  more  quickly;  the 
I  expansion  causes  a  greater  pressure  on  the  bearing,  produ- 
I  cing  more  friction  and  heat.  If  the  bearing  is  not  properly 
I  oiled,  the  heat  will  become  so  intense  in  a  short  time  that 
I  the  soft  metal  in  the  bearings  will  melt.  When  shooting 
strike  the  earth's  atmosphere  their  velocity  is  so  great 
I    (sometimes  as  high  as  150  miles  a  second)  that  the  friction 

of  the  atmosphere  causes  them  to  take  fire  almost  instantly. 

Wherever  there  is  friction,  there  is  heat, 
(a)  Heat  is  also  generated  by  percussion. 
The  repeated  blows  of  a  hammer  upon 

I  piece  of  iron,  lead,  or  other  metal,  will 
[  soon  make  it  quite  hot. 

(3)  The  generation  of  heat  by  pressure 

was  spoken  of  in  connection  with  gases— 

that  is,  the  temperature  rises  when  a  gas 

is  compressed.     This  is  also  true  of  solids 

and   liquids,  but   the   results  are  not  so 

marked    in  their  cases.     The  production 

of   heat  by  the  compression    of    gases    is 

easily  shown  by  means  of  the  pneumatic 
\  syringe  shown  in  Pig.  213,  This  consists 
I  of  a  glass  tube  with  thick  sides,  hermet- 
I  ically  closed  with   a   leather  pi.ston.     At 

the  bottom  is  a  small  cavity  in  which  a 

piece  of  cotton,  moistened  with  ether  or 
I  carbon  disulphide,  is  placed.  The  tube 
I  being  filled  with  air,  the  piston  is  suddenly 
I  plunged  downwards.  Thus  compressed, 
I  the  air  generates  so  much  heat  that  the 
I  cotton  is  ignited,  which  can  be  seen  ''"^  ^'*- 
I  to  burn   when  the  piston    is    suddenly   withdrawn.      The 


ignition  6{  the  cotton  in  this  experiment  indicates  a  tern* 
perature  of  at  least  570°,  since  it  will  not  ignite  at  a  lower 

temperature. 


THE    PRODUCTION    OF    MECHANICAL 
^VORK    BY    HEAT. 


THE    MECHANICAL    EQUIVALENT    OF    HEAT. 

1 148.  From  what  has  been  previously  stated,  it  should 
now  be  evident  that  heat  is  a  kind  of  energy,  since,  when  a 
body  is  heated,  the  heat  imparted  to  it  manifests  itself  in 
giving  the  molecules  a  greater  velocity,  and  in  forcing  them 
farther  apart,  in  opposition  to  the  force  of  cohesion,  which. 
tends  to  draw  them  together  and  reduce  their  velocity;  but 
this  requires  energy,  and  heat  is  the  form  of  energy  used. 
Again,  when  a  body  is  cooled,  heat  is  given  up;  in  other 
words,  the  energy  of  the  molecules  is  lessened.  The  heat 
thus  given  up  can  be  used  to  heat  or  impart  energy  to  other 
bodies.  Since  heat  is  a  kind  of  energy,  it  is  reasonable  to 
suppose  that  there  is  some  relation  between  energy  (or  work) 
and  heat.  From  careful  experiment  it  has  been  found  that 
one  unit  of  heat  (1  E.  T.  U.)  is  equivalent  to  778  foot- 
pounds of  work — that  is,  778  foot-pounds  of  work  would  be 
required,  to  be  expended  by  friction  or  otherwise,  to  raise  a 
pound  of  water  1"  in  temperature  under  a  pressure  of  one 
atmosphere,  and  that  the  heat  given  up  by  1  pound  of  water 
in  cooling  1",  if  used  as  energy,  could  raise  1  pound  to  a 
height  of  778  feet,  or  778  pounds  1  foot.  This  number,  778, 
has  been  obtained  in  many  ways,  and  is  called  tlie 
chanical  equivalent  of  heat.  It  is  denoted  in  all  for- 
mulas into  which  it  enters,  in  books  treating  of  heat,  by  the 
letter  J,  the  initial  letter  in  the  name  of  Dr.  Joule  who  first 
determined  its  value  with  any  degree  of  accuracy. 

1149.  The    First    Law    of   TliermodynamlGw. —  1 

Heaf  is  energy,  and  has  capacity  for  doing  icork ;  the  number  I 
of  uHtls  of  work  which  can  thus  be  perfortned  by  a  given  I 
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Mfttamtiiy  ef  heat  is  proportional  to  the  number  of  units  of  heat 
f  in  thai  quantity.  This  law  is  more  concisely  stated  as  fol- 
I  lows:  Heat  and  mechanical  energy  are  mutually  convertible. 
For  example,  if  a  weight  of  778  pounds  be  dragged  20  feet 
'  along  a  horizontal  surface,  and  the  coefficient  of  friction 
I  between  the  weight  and  the  surface  is  .25,  the  work  alone 
I  will  be  778  X  20  X  .25^=3,890  foot-pounds.  If  this  had 
I  been  done  in  such  a  manner  that  the  entire  movement 
I  could  have  taken  place  in  water,  say  an  upright  shaft  turn- 
I  ing  in  a  pivot  bearing,  the  friction  thus  produced  could  raise 
,3^fl90  _^ 


I  the  temperature  1°  of  - 


=  6  lb.  of  water;  or  1  lb.,  5°; 


L  10  lb.,  ^°,  etc.     Here,  the  mechanical  energy  necessary  to 

r  overcome    the    friction    was    converted    into    heat.      The 

I  amount  of  heat  obtainable  from  a  given  amount  of  mechan- 

1  ical  energy  is  always  the  same,  and  is  in  the  proportion  of 

one  British  thermal  unit  to  every  778  foot-pounds  of  work. 

1 1 50.     A  fine  illustration  of  the  conversion  of  mechani- 

f  cal  energy  into  heat  is  given  by  the  experiment  shown  in 

Fig.  219.     A  brass  tube,  about  7  in.  in  length  and  J  in.  in 

diameter,   is  attached  to  a  small  wheel,  by  means  of  a  cord 


Flo.  219. 

passing  around  this  wheel  and  a  larger  one  turned  by  a 
handle,  as  shown ;  the  tube  is  three-fourths  full  of  water,  and 
is  closed  with  a  cork.     The  tube  being  held  by  the  clamp 


4K4  HEAT. 

and  made  to  rotate  rapidly  by  means  of  the  larger  wheel, 
considerable  friction  is  generated,  causing  the  water  within 
the  tube  to  be  heated;  the  temperature  rapidly  increases, 
and  part  of  the  water  is  converted  into  steam,  whose  pressure 
becomes  so  great  as  to  force  out  the  cork.  Suppose  that 
the  weight  of  the  water  is  1^  oz.,  that  its  original  tempera- 
ture was  G0°,  and  that  a  pressure  of  10  lb.  per  sq.  in.  was 
necessary  to  force  out  the  cork.  From  the  steam  and  water 
tables,  to  be  given  in  connection  with  the  subject  of  Steam 
and  Steam  Engines,  the  number  of  heat  units  in  a  pound  of 
water  above  a  temperature  of  32**  from  which  steam  of  10 
lb.  pressure  is  being  given  off  is  209.39,  and  the  number  of 
heat  units  in  a  pound  of  steam  of  this  pressure  above  32°  is 
1,155.1.  To  create  this  pressure,  it  can  be  shown  that  the 
weight  of  the  steam  in  the  tube  above  the  water  will  be 
about  .0005  oz. ;  hence,  the  weight  of  the  water  will  be 
1.5  —  .0005  =  1.4995  oz.     Since   1  oz.  =  ^^  of  a  pound,  the 

1  4995 
number  of  heat  units  in  the  water  will  be  -^^77; —  X  209.39  = 

16 

19.6238.     The  number  of  heat  units  in  the  steam  will  be 

'-^^  X  1,155.1  =.0361,    nearly.      The   sum   is   19.6238  + 
10 

.0361  =  19.6599.     From  the  steam  tables  above  referred  to, 

the  number  of  heat  units  in  a  pound  of  water  (above  32°) 

having  a  temperature  of  60°,  and  under  a  pressure  of  one 

1  5 

atmosphere,  is  28.00626;   in  1^  oz.   there  would  be  -^^X 

lb 

28.00026  =  2.6256  heat  units.     Consequently,   the  number 

of  heat  units  necessary  to  be  supplied  in  order  to  blow  out 

the   cork   is   10.6559  —  2.6256=17.0303.      The   theoretical 

number  of  foot-pounds  of  work  which  would  have  to  be 

exerted  in  turning  the  large  wheel  to  accomplish  this  result 

would    be    17.0303  X  778  =  13,240.57    foot-pounds.       The 

actual  amount  of  heat  used  would  be  greater  than  that  just 

calculated,  for  the  reason  that  some  is  lost  by  radiation  and 

conduction,  and  in  overcoming  the  friction  of  the  bearings. 

Suppose  that  enough  heat  were  lost  to  bring  the  total 

number  of  foot-pounds  of  work  up  to  15,000,  and  that  it 


took  10  mmutes  to  cause  the  cork  to  be  blown  out;  the 


and  the  horsepower  exerted  would  be  ^^'        —  ^  H.  P. 

1151.  Having  shown  that  mechanical  work  can  be 
changed  into  heal,  it  will  now  be  demonstrated  that  heat 
can  be  changed  into  mechanical  work.  Fig.  220  represents 
a  cylinder  A  B  partly  filled  with  gas  or  air  confined  within 
the  cylinder  by  means  of  the  piston  P.  The  gas  is  then 
under  a  pressure  of  the  atmosphere,  and  has  also  an  addi- 
tional pressure  due  to  the  weight  of  the  pis- 

If  heat  be  applied  to  the  bottom  of 
the  cylinder,  the  piston  will  gradually  rise 
in  proportion  to  the  amount  of  heat  sup- 
plied.    In   expanding,  it   will  have   to   do 
■ork  in  order  to  raise  the  piston.     Suppose 
a  rope,  fastened  to  the  piston  and  passed 
over  a  pulley,  to  have    a    weight    on    the 
other    end    a    trifle    less    than     the     total 
pressure  of  the  atmosphere  plus  the  weight 
of  the  piston.     Now,  if  the  gas  within  the       P^ 
cylinder  be  cooled,  the  piston  will  fall,  owing       d^^" 
to  the  combined  weight  of  the  piaton  and       * 
the  pressure  of  the  atmosphere,  and  raise 
the  weight,  thus  performing  work.     In  the 
first   case,  a  certain  amount  of   heat  was  y,^,  .~>u_ 

supplied  to  the  gas  to  do  work;  in  the  second  case,  heat  was 
/al'cn  away  from  the  gas  (cooled)  in  order  that  work  might 
be  done.  In  both  cases  the  amount  of  work  done  was  pro- 
portional to  the  amount  of  heat  supplied  or  taken  away, 
and,  had  the  work  done  been  the  same,  the  amount  of  heat 
supplied  or  taken  away  would  also  have  been  the  same. 

1152.  When  a  body  free  to  expand  is  heated,  two 
operations  are  performed;  1.  The  temperature  is  raised 
and  its  volume  is  increased.  3.  The  iwdy,  in  expanding, 
overcomes  the  outer  pressure,  and  thus  does  work.      The 
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coefficient  of  cubic  expansion  of  mercury  is  .0001001,  or  say 
.0001.  Suppose  thai  1  cubic  foot  of  mercury  be  confined  in 
a  non-expanding  vessel,  having  a  diameter  corresponding  to 
a  circle  wliose  area  is  1  sq.  ft.  Tlie  iieight  of  the  mercurial 
column  will  then  be  1  ft.  Let  the  mercury  be  heated  until 
its  temperature  is  100°  higher  than  before;  the  volume  will 
be  increased  ,0001  X  100^  .01  cu.  ft.  Since  the  area  could 
become  no  larger  (being  confined  in  a  non-expanding  vessel), 
the  column  of  mercury  must  be  .01  ft.  longer  than  it  was 
before  being  heated.  In  expanding,  the  pressure  of  the 
atmosphere  (equaling  a  weight  of  U4  X  14.7  =  2,116.8  lb.) 
was  overcome  through  this  distance,  and  work  was  done 
equivalentto3,llC.8X. 01— 21. 108  foot-pounds.  The  greater 
part  of  the  heat  went  to  increase  the  temperature,  and  to 
push  the  molecules  farther  apart  against  the  force  of  co- 
hesion tending  to  pull  them  together.  This  is  called  the 
toner  «vork.  The  work  of  overcoming  the  outside  pres- 
sure through  a  certain  distance,  by  expanding,  is  called  the 
outer  work.  The  outer  work  for  the  above  case  was 
found  to  be  21.1(J8  foot-pounds;  the  inner  work  may  t>e 
found  as  follows:  The  specific  heat  of  mercury  under  con- 
stant pressure,  taken  from  Table  21,  is  .0333;  hence,  to 
raise  the  temperature  of  1  cu.  ft.  (  =  850  lb.)  100°  will 
require  850  X  100  X  .0333  =  2,830.5  heat  units,  equivalent 
to  a  total  work  of  2,830.6X778  =  2,202.129  foot-pounds. 
Subtracting  the  outer  work,  the  inner  work  equals  3,202,129 
—  21.108  =  2,203,107.832  foot-pounds.  In  the  case  of  a 
solid  body,  this  difference  would  be  still  more  marked.  In 
fact,  the  outer  work  is  so  slight,  compared  with  the  inner 
work  in  solid  and  liquid  bodies,  that  it  is  usually  neglected, 
except  in  the  case  of  water. 


1 1  S3.  In  the  case  of  gases,  however,  the  outer  work 
plays  a  very  important  part,  as  a  little  consideration  will 
show.  Thus,  suppose  that  air  was  substituted  for  the  mer- 
cury in  the  previous  case,  and  was  prevented  from  escaping 
from  the  vessel  by  a  piston  without  weight,  as  shown  in  Fig. 
221.     Let  the  original  temperature  of  the  air  be  70°,  and  let 


t 


■  heated  until  the  temperature  is  100"  higher,  or  170". 
The  new  volume  is  determined  by  formula  SS,  Art,  1054, 
_  4t!0  +170  _ 


to  be  V,  - 


:  1.19  cu.  ft.,  nearly.     Hence,  the  in- 


■   4G0  +  70  ■ 

crease  =  1.19  —  1  =  .19  cu.  ft.,  and  the  piston  is  raised  .19 
ft.  The  outer  work  will  be  2,116.8  X  .19  =  403.192  foot- 
pounds. The  weight  of  a  cu.  ft.  of  air  having  a  temper- 
ature of  70°  is  found  by  formula  71,  Art.  1116,/*f-'  = 
IV Ji  T,  or  14.7  X  1  =  H'X  .37053  X  530,  or 
14.7 


iV= 


.07486  lb.,  nearly. 


.37052  X  530 

The  specific  heat  of  air  for  constant  pressure  is  .23751; 
hence,  the  total  number  of  heat  units  required  is  .07486  X 
100  X  .23751  =  1.778  heat  units.  1.778  X 
778  =  1,383.284  foot-pounds.  Since  the  outer 
work  required  402.192  foot-pounds,  the  inner 
work  will  require  1,383.284  —  402.102  = 
©81.092  foot-pounds.  This  shows  that,  in  the 
case  of  air  and  gases,  the  outer  work  is  a  little 
less  than  half  the  inner  work.  Since  the 
force  of  cohesion  has  no  perceptible  effect  in 
the  case  of  gases,  the  inner  work  tends  only 
to  raise  the  temperature,  or,  in  other  words, 
to  increase  the  vibratory  movement  of  the 
molecules.  Consequently,  if  the  piston  in 
Fig.  221  were  fastened  down,  so  that  the 
volume  of  the  gas  would  remain  the  same, 
there  would  be  no  outer  work,  and  the  total 
work  required  to  raise  the  temperature  100° 
would  be  981.092  foot-pounds,  or  to  raise  the 
temperature  1°,  9.81092  foot-pounds.  The  inner  work  may 
also  be  calculated  by  using  the  specific  heat  for  constant  vol- 
ume as  directed  in  Art.  1135.  Thus,  inner  work  = 
S^IV{T-  T)  X  778^.10847  X  .07486  X  100  X  778  =  981.18 
foot-pounds,  The  slight  difference  in  results  is  due  to 
decimals. 

1 154.     Some  bodies  do  not  always  expand  when  heat  Is 
applied,  as,  for  example,  water.      When  water  of   I 
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heated  to  33®,  its  volume  decreases,  and  this  continues  until 
a  temperature  of  39.2°  has  been  reached;  beyond  this  point, 
the  volume  increases  with  the  temperature,  and,  conse- 
quently, the  density  decreases,  since  when  the  weight 
remains  the  same,  and  the  volume  g^ows  larger,  the 
density  decreases.  The  reason  of  this  apparent  contradic- 
tion to  the  heat  theory  is  that  the  increase  in  density  is 
caused  by  the  pressure  of  the  atmosphere ;  the  heat  added 
to  the  water  until  the  temperature  of  39.2**  is  reached  gives 
a  freer  movement  to  the  molecules,  and  enables  the  atmos- 
pheric pressure  to  force  them  nearer  together.  If  it  were 
not  for  this  pressure,  it  would  take  more  heat  to  raise  the 
temperature  of  a  pound  of  water  1°  than  now;  this  is  evi- 
dent from  analogy  to  the  cylinder  and  piston  in  Fig.  221 ; 
when  the  piston  was  fastened  down,  it  took  far  less  heat  to 
increase  the  temperature  of  the  air  than  when  it  was  free  to 
move.  In  the  case  of  water,  the  specific  heat  varies  some- 
what with  the  pressure,  while  in  the  case  of  gases  it  is  prac- 
tically constant.  In  consequence  of  this  variation,  the  latent 
heat  of  ice  is  diminished  by  heavy  pressures — that  is,  its 
melting  point  is  lowered.  Under  a  pressure  of  13,000  atmos- 
pheres (11;1,100  lb.  per  sq.  in.),  ice  will  melt  at  0°  instead 
of  at  32°. 


WORK  I>OXE  BY  EXPANSION  OF   AIR  AND 

GASES. 

1155.  Isotherinal  Expansion.  —  When  a  gas  ex- 
pands, it  does  work ;  when  it  is  compressed,  work  is  required 
to  be  done  upon  the  gas  td  compress  it.  Suppose  that  a 
certain  quantity  of  air  is  confined  in  a  vessel  having  an  area 
of  1  sq.  ft.,  and  whose  length  is  5  ft.,  plus  the  thickness  of 
the  piston,  so  that  the  piston  can  move  5  ft.  Suppose  the 
piston  to  be  in  the  position  shown  in  Fig.  222,  and  that  the 
absolute  pressure  of  the  volume  of  air  enclosed  in  the  cylin- 
der is  100  lb.  per  sq.  in.  on  the  piston,  and  that  the  tem- 
perature is  loO"^.  Since  the  area  of  the  piston  is  1  sq.  ft., 
the  volume  of  the  enclosed  air  is  1  cu.  ft.     Now,  let  this  air 
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■  expand,  and  keep  the  temperature  constant  by  adding  heat 
to  it.  The  piston  will  move  ahead;  the  atmospheric  pres- 
sure upon  it  will  be  overcome  through  the 
distance  it  moves;  the  volume  of  the  air 
will  increase  and  the  pressure  decrease, 
according  to  Mariotte's  law.  When  the 
piston  has  moved  1  ft.,  the  volume  will  be 
2  cu.  ft.,  and  the  pressure  is  found  by  the 
formula/, f I  =/,  f„  to  be  100  X  1  =/,  X 
2,  or/,  =  50  lb.  per  sq.  in.     When  the  pis 


tmosptienc  pres- 


ton  has  moved  %  ft.,  the  pressure 
=  33jtlb.  per  sq.  in.,  etc. 


100 


1 1 56.  To  show  the  effects  of  this  ex- 
pansion upon  the  pressure  and  volume 
graphically,  two  indefinite  straight  lines 
are  drawn  at  right  angles  to  each  other,  fig.  lai. 

as  O  Y  and  OX,  in  Fig.  223.  Any  line  drawn  from  0  A' par- 
allel Xo  0  Y  is  called  an  ordinate.  Choose  a  convenient 
scale,  say  1  in.  —  1  cu.  ft.,  and  lay  otT  f?  Z.  =  1  in.  =  1  ft.  of 
cylinder  length  =  1  cu.  ft.  of  cylinder  volume  =  the  volume 
of  air  admitted  at  full  pressure  before  expanding.  Make  0  F 
=  5  in.  =  the  total  travel  of  the  piston  =  the  total  volume 
after  the  piston  has  reached  the  end  of  the  cylinder.  Now, 
choose  another  scale  to  represent  the  pressures,  say  1  in.  = 
20  lb.  The  length  of  a  line  representing  100  lb.  would  be 
100 


20 


Lay  oif  this  distance  on  O  Y,  thus  locating  the 

point  H.  The  pressure  is  100  lb.  per  sq.  in.  throughout  the 
distance  0  L ;  hence,  drawing  H  M  parallel  to  O  X,  it  is 
evident  that  any  ordinate  measured  from  O  X  to  this  line, 
with  a  scale  of  1'  =  20  lb.,  will  equal  100  lb.  pressure  per  sq. 
in.  When  the  piston  reaches  the  point  L,  no  more  air  is 
admitted,  and  as  it  begins  to  move  away  from  the  position 
A  L,  the  pressure  begins  to  fall,  the  volume  increasing  in 
proportion  to  the  distance  of  the  piston  from  0  Y.  The 
I  pressures  corresponding  to  a  number  of  different  positions 
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At  the  poinls  d,   K,  f,  I,  h,  G,  k,  F,  erect  ordinates,  and 
iiiaki;  lh(;ni  t;(iiiiil  in  length  to  the  pressure  at  that  point,  to 
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the  scale  of  1  in.  =  20  lb. — that  is,  make  r  ^/=  66 J  lb.,  ^  Ar  = 
60  lb.,  etc.,  and  through  the  points  A,  c^  B,  r,  C,  g^  Z?,  /,  E^ 
draw  the  curve  shown  in  this  figure.  If  care  has  been  taken 
in  drawing  this  figure,  any  ordinate  drawn  from  a  point  on 
the  line  O  X^  and  limited  by  the  curve,  will  indicate  the 
pressure  of  the  air  in  the  cylinder  when  the  piston  is  at  that 
point.  Thus,  suppose  it  is  desired  to  know  the  pressure 
when  the  piston  is  at  the  point  S,  Erect  the  ordinate  5  R^  and 
measure  it  with  the  same  scale  that  was  used  to  draw  the 
curve ;  the  reading  on  the  scale  will  be  the  pressure  at  that 
point. 

1 1 57.  In  order  to  find  the  work  done  by  the  air  while 
the  piston  was  traveling  from  L  to  F^  and  during  which  time 
the  pressure  fell  from  A  Z,  or  100  lb.  per  sq.  in.,  to  E  F^  or 
20  lb.  per  sq.  in. ,  the  average  pressure,  or  mean  ordinate, 
must  be  known.  This  can  be  found  by  dividing  the  area  of 
AEFLhyits  length  L  F  That 
this  statement  may  be  clearly 
understood,  suppose  a  semicircle 
to  be  drawn  as  shown  in  Fig. 
224,  having  a  diameter  of  G  in. 
Its  area  will  be  G'  X  .  7854  -r-  2  = 
14.1372  sq.  in.     Divide  this  area  ^»g-  ^• 

by  the  length,  G  in.,  thus  14.1372  -r-  G  =  2.3562  in.  On  the 
diameter  as  a  side,  and  with  2.35G2  in.  for  another  side, 
construct  the  rectangle  A  BCD;  the  area  of  this  rect- 
angle will  evidently  be  the  same  as  the  area  of  the  semi- 
circle. 

1 1 58.  Rule. — No  matter  wJiat  the  shape  of  an  area  may 
be^  if  any  line  be  drawn  through  it  and  limited  by  lines  per- 
pendicular to  it^  and  tangent  to  the  bounding  line  of  the  area^ 
the  product  of  the  lefigth  of  this  line,  and  the  mea?t  ordinate 
drawn  from  this  line  to  the  bounding  line,  will  be  equal 
to  the  area  of  that  part  included  by  the  line,  the  tangents^ 
and  the  bounding  line  included  between  the  points  of  tan- 
gmcy. 
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Thus,  in  Fig.  225,  if  the  length  o(  A  B  is  known,  and  B  27, 

perpendicular  to  it,  is  tangent  to  the  bounding  line  A  E  D I^ 

and  E  F  IS  the  mean  perpendicular  (mean  ordinate)  from 

A  B  to  the  bounding 

line^  E  DB,  A  Bx 

E  E  =  the     area     of 

AEDBA;  if  G N  is 

the     mean      ordinate 

from  A  C  to  A  H  C 

of  the  area  A  H  J  C, 

A  CxG  H  =  area  of 

A  HJC,2indii  LK is 

the  mean  ordinate  from  / B  to  /  DB,  I B  X  L  K  —  the  area 

ILDB.     Conversely,  if  an  area  is  given,  and  the  length  of 

a  line  in  it,  so  located  that  perpendiculars  to  the  extremities 

of  the  line  are  tangent  to  the  bounding  line  of  the  area,  the 

mean  ordinate  to  this  line  equals  the  area  divided  by  the 

length  of  the  line.     Thus,  the  mean  ordinate  oi  A  E  D  B  =^ 

2irea,ot  A  EDB       -,  ^  t>  .  t^.     ..^«  -r 
-j-j^ =  zi  /',  etc.     Returnmg  now  to  Fig.  223,  if 

the  area  A  R  F L  is  known,  the  mean  ordinate  (mean  pres- 
sure) can  be  found  by  dividing  this  area  by  the  length  L  F, 

1159.  The  area  may  be  found  in  two  ways:  1.  Ap- 
proximately, by  dividing  the  figure  into  a  number  of  small 
areas,  adding  the  ordinates  at  the  center  of  each  of  these 
small  areas,  and  dividing  the  sum  by  the  number  of  areas; 
this  result,  multiplied  by  the  length  LF^  is  the  area  A  E  FL, 
2.  Exactly,  by  using  the  planimeter,  an  instrument  for 
measuring  plane  areas. 

The  first  method,  as  applied  to  Fig.  223,  is  shown  in  Fig. 
220.  A /'is  divided  into  8  equal  parts,  and  ordinates  are 
cr(ictc(l  at  the  i)oints  of  division,  thus  dividing  the  area 
A  li  I'L  into  H  small  areas.  At  the  middle  points  of  these 
areas,  {\\r.  ordinates  7-/,  ;?-:J,  »?-J,  etc.,  are  drawn  and  meas- 
ured, the  h-njj^ths  (measured  to  the  same  scale  used  to  lay 
olT  A  I.)  hein^  marked  on  the  drawing.  The  sum  of  these 
ordinates  is  SO  -(-  tu.  1  +  44.4  +  30.4  +  30.8  +  20.7  +  23.5  + 
21- 311). D  lb.      Hence,   the   mean   pressure  =  319.9 -J- 8  = 
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39.99  lb.  persq.  in.  The  second  method,  by  using  the  planim- 
eter,  will  not  be  described,  since  instructions  always  go 
with  the  instrument.  Calling  the  mean  pressure  40  lb,  per 
sq.  in.,  the  work  which  the  air  could  do  in  expanding  from 
L^oFata.  constant  temperature  would  be  equal  to  the  area 


pio.ua. 
of  the  piston  in  square  inches,  multiplied  by  the  mean  pres- 
sure per  sq.in.,  multiplied  by  the  distance  through  which  it 
moves  or  works  =  144  X  40  X  i  =  23,040  fool-pounds. 

1160>  The  work  can  also  be  calculated  directly,  without 
constructing  the  diagram,  by  means  of  the  following  formula, 
in  which 

L  =  the  work  in  foot-pounds; 

P  =  the  total  initial  pressure  in  pounds  per  square  foot; 

/*,  =  the  total  final  pressure  in  pounds  per  square  foot; 

V  =  the  initial  volume  in  cubic  feet ; 

y  =  the  final  volume  in  cubic  feet. 
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Z  =  2. 3026  P  V  log  -p.  (75.) 

P       V 
Since  /*F=  P,  F„  -^  = -W  and  formula  75   might  be 

written 

Z  =  2. 3026  P  V  log  ^.  (76.) 

Whichever  formula  is  used,  it  must  be  kept  in  mind  that 

V       P 
the  fraction  -77  or  -p-  must  always  be  greater  tJian  1 — tJuit  is, 

the  numerator  must  always  be  greater  than  the  denominator. 
Substituting  the  values  used  in  Fig.  223,  formula  75  or 
76  gives 

L  =  2.3026  X  (144  X  100)  X  1  X  log  j-  = 

2.3026  X  144  X  100  X  .69897  =  23,176  foot-pounds,  nearly. 

This  is  the  actual  value,  and  shows  that  the  approximate 
method  used  in  the  previous  work  was  very  close. 

Suppose  that  the  number  of  parts  had  been  doubled — that 
is,  that  the  line  Z /'had  been  divided  into  16  equal  parts, 
instead  of  8 — the  sum  of  the  ordinates  drawn  at  the  middle 
of  these  parts  would  then  have  been 

88.9  +  72.7  +  61.5  +  53.3  +  47.1  +  42.1  +  38.1  +  34.8  +  32 
+  29.6  +  27.0  +  25.8  +  24.2  +  22.9  +  21.6  +  20.5  =  642.7. 
642.7  -^16  =  40.17  lb.  per  sq.  in.  144  X  40.17  X  4  =  23,138 
foot-pounds,  nearly. 

Where  a  table  of  logarithms  is  not  at  hand,  a  sufficiently 
close  result  for  all  practical  purposes  can  be  obtained  by 
dividing  A  E  F  L  into  10  parts. 

1161.  The  curve  shown  in  Fig.  223  is  called  the 
isotlieritial  expansion  curve,  or  the  expansion  curve 
of  constant  temperature.  It  is  known  in  mathematics 
as  the  equilateral  hyperbola,  and  hence,  when  used  on 
indicator  diagrams,  is  sometimes  called  the  hyperbolic 
expannion  curve.  If  the  initial  volume,  pressure,  and 
final  volume  are  known,  the  curve  may  be  constructed 
graphically  without  calculating  the  different  points,  as  was 
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done  in  Fig.  S23.  Thus,  in  Fig.  227,  let  0  V  and  O  X  be 
two  iines  at  right  angles  to  each  other.  These  lines  are 
known  in  mathematics  as  the  coordinate  axes,  the  line 
O  y  being  called  the  axis  of  ordlnates,  or  axis  of  Y, 
and  the  line  0  X,  the  axli»  of  abscissas,  or  axis  of  X. 
Let  O  A  represent  the  absolute  initial  pressure,  and  O  B 
the  initial  volume.  Through  A  draw  the  indefinite  straight 
line  A  M  parallel  to  the  axis  of  X,  and  through  B  draw  the 


^n^ 


indefinite  straight  line  5 /^parallel  to  the  axis  of  Y.  The 
point  C,  where  these  two  lines  meet,  is  the  point  where  the 
expansion  is  to  begin;  consequently,  it  is  one  point  on  the 
curve.  Through  the  point  O,  called  the  origin,  and  which 
15  point  of  no  volume  and  no  pressure,  draw  a  number  of 
lines,  O  F,  0  D,  0  N,  O  M,  etc.,  cutting  B  F  &X.  F,  1,  5, 
etc.,  and  A  Mat  4,  D,  N,  etc.  Through  the  points  F,  1,  .5, 
etc.,  draw  lines  parallel  to  the  axis  of  X,  and  through  i,  D, 
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A'^,  etc.,  draw  lines  parallel  to  the  axis  of  K  These  lines 
intersect  in  the  points  3,  '2,  6,  etc.,  which  are  points  on  the 
required  isothermal  expansion  line.  To  prove  this.  lay  off 
B  H  equal  to  0  B,  and  draw  //  K  parallel  to  the  axis  of  Y, 
intersecting  the  curve  in  A".  Now,  if  A'  is  a  point  on  the 
isothermal  expansion  line,  H  K  must  be  equal  in  length  to 
one-half  of  O  A,  since,  when  the  volume  is  twice  as  great, 
the  pressure  is  only  half  as  great.  Similarly,  if  //  L  =  B  N 
~  O  B,  L  6  must  be  one-third  as  long  as  O  A.  By  measure- 
ment this  will  be  found  to  be  the  case.  This  curve  and 
method  of  constructing  it  is  much  used  in  "working  up" 
indicator  diagrams,  and  will  be  further  explained  in  connec- 
tion with  the  subject  of  Steam  and  Steam  Engines. 

1 162.  If  the  air  or  gas  be  compressed,  the  action  will 
be  exactly  the  reverse  of  the  expansion.  Heat  would  have 
to  be  abstracted  instead  of  added;  the  pressure  would  in- 
crease instead  of  decreasing,  and  the  volume  decrease  in- 
stead of  increasing. 

In  Fig.  228,  which  is  Fig.  223  repeated,  let  £^  represent 
the  initial  pressure  —  20  lb.  per  sq.  in.,  OF  the  initial 
volume  =  5  cu.  ft.  As  the  volume  decreases,  the  pressure 
will  increase,  as  indicated  by  the  isothermal  curve  EDC  BA, 
when  the  temperature  is  kept  constant.  The  curve  may  be 
constructed  as  shown  in  Fig.  227,  by  taking  O  as  the  point 
from  which  to  draw  the  lines  O  D,  ON,  etc.,  in  Fig.  227. 
The  point  /^  could  not  be  taken  from  which  to  draw  these 
lines,  for  they  must  always  be  drawn  from  the  point  of  no 
pressure  and  no  volume.  F  is  a  point  of  no  pressure,  but  it 
indicates  a  volume  of  5  cu.  ft.  The  work  required  to  com- 
press the  air  under  these  conditions  may  be  calculated  by 
formula  75  or  70,  remembering  that  the  larger  volume 
or  pressure  must  be  in  the  numerator  of  the  fraction. 

Formulas  75  and  76  then  become 

L  =  2.302G  /Tlog  L-  (77.) 

and  /,  =  2.302fi  /Tlog  ^,         (78.) 
in  which  the  letters  have  the  same  meaning  as  before. 
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1163.  Formulas  75,  76,  77,and  78  will  be  easierto 
use  if  the  pressure  be  taken  in  pounds  per  square  inch,  and 
144  X  2.3026  =  331.5744  be  substituted  for  2.302C.  As  be- 
fore, the  volume  must  always  be  taken  in  cubic  feet.  For- 
mulas 75  and  76  then  become 

i  =  331.5744/Klog  ^ 


(70.) 
(SO.) 
in  which  p  =  pressure  in  pounds  per  square  inch. 


and  Z.=  331.5744/ K log  ■^, 
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ExAHFLB. — The  initial  volume  of  a  body  of  gas  which  is  to  be  com- 
pressed is  6.78  cu.  ft.  The  initial  pressure  is  16  lb.  per  sq.  in.  If  this 
gas  be  compressed  until  its  tension  is  144  lb.  per  sq.  in.,  what  work  will 
have  to  be  expended,  the  temperature  being  kept  constant  ? 
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Solution. — Using  formula  SO,  and  remembering  that  the  greater 
pressure  must  be  in  the  numerator, 

L  =  331.5744/  Flog  A  =  331.5744  X 16  X  6.78  X  log   ^  =  331.5744 

X  16  X  6.78  X  .95424  =  84,823.24  foot-pounds.     Ans. 

1 1 64.  Adlabatlc  Expansion. — Suppose  that  a  vol- 
ume of  air  expands  from  the  same  initial  volume  and  pres- 
sure as  in  the  case  of  Fig.  223,  but  that  no  heat  is  added  or 
taken  away.  The  temperature  will  fall  during  expansion, 
and  rise  during  compression.  The  pressure  will  fall  much 
faster  than  in  the  case  of  isothermal  expansion,  and  increase 
much  faster  than  in  isothermal  compression  for  the  same 
increase  or  decrease  in  volume.  The  air  expands  no  longer, 
according  to  the  law /  z;  = /,  t/,  = /,  z/„  etc.,  but  according 
to  another  law  which  can  only  be  proven  by  the  use  of  higher 
mathematics;  this  law  is  for  air: 

/«;»•"=/,  z;/-"  =/,z;,*-",  etc.         (81.) 

In  other  words,  the  pressure  multiplied  by  the  1.41  power 
of  the  corresponding  volume  is  a  constant,  and  is  equal  to 
the  product  of  the  pressure  and  1.41  power  of  the  volume 
at  any  other  part  of  the  stroke.  The  initial  volume  is  1  cu. 
ft.,  and  the  initial  pressure  is  100  lb.  per  sq.  in.  in  Fig.  223. 
Using  these  values  in  the  present  case,  /t/****  =  100  X  1*'** 
=  100 ;  hence,  /,  v^  '*'  =  100,  /,  v^' ' ''  =  100,  etc. 

Assuming  the  different  volumes,  the  pressures  may  be 
calculated  as  follows: 

Let  v=2i  cu.  ft. ;  then,  /  X  2.5***  =  100,  or  /  =  .  ^^^ 


2.5***' 

log/  =  log  100  —  1.41  log  2.5  = 

2  _  1.41  X  .39704  =  2-  .5G110  =  1.43890, 

or/  =  27.47  lb.,  nearly 

Calculating  in  this  manner  the  pressures  corresponding 
to  the  different  values  of  the  volumes  for  points  correspond- 
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ing  to  the  volume  points  in  Fig.  223,  the  following  results 
are  obtained: 

Pressure  corresponding  to  volume  cif=  56.5    lb. 
"  "  "      SK  =  37.G: 

"  '*  "        ^/=  37.47  ' 

"  "  *'       C/=  21.25  ' 

"       ^A  =  17.1 

"  "  "      I>G  =  U.S 

"  "  "        i"A  =  12.- 

"  "      £.F=  10.34  ' 

Making  the  different  ordinates  equal  in  length  to  these 

pressures,  and  using  the  same  scale  as  before — 1  in.  =  20  lb. 


k 

V 

Jtl 

B 

" — » — ' 

K     /         I      h 

rotvmtt 

t=- 'L-  <__r!L 

— the  curve  shown  in  Fig.  229  is  produced  by  tracing  the 
line  A  B  C  D  E  through  these  points.     It  will  be  noticed 
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that  the  area  xA  A  E  FLva  Fig.  229  is  considerably  smaller 

than  in  Fig.  223 ;  consequently,  the  mean  pressure  is  less, 

and  the  work  done  in  expanding  is  less.     This  was  to  be 

expected,  since,  no  heat  being  added,  the  temperature  must 

fall  and  with  it  the  pressure  also.     Erecting  ordinates  at  the 

middle  points  of  these  divisions,  and  measuring  them  in  a 

manner  similar  to  the  approximate  method  of  finding  the 

mean  pressure  followed  in  Fig.  226,  the  mean  pressure  is 

found  to  be 

73  4-  45.5  +  81.9  +  24  +  19  +  lg>g  +  18  + 11.1  _  ^^ ., 

n  —  *jrg'  Id.  per 

sq.  in. 

The  work  done  is  evidently  144  X  29^  X  4  =  16,776  foot- 
pounds. 

1 1 66«  The  mathematical  formula  which  gives  the  work 
directly  when  the  initial  and  final  volumes  and  the  initial 
pressure  are  known  is 

L  =  2.44  Pf[i  -  (-p)  **].  (82.) 

By  means  of  formula  82f  just  given,  the  work  is  found  to 
be  16,974  foot-pounds.  Thus,  substituting  the  values  given 
and  remembering  that  P  =  pressure  in  pounds  per  square 
foot, 

L  =  2.44  X  (100  X  144)  X  ifl  -  (-^)    "]  =  2.44  X  14,400 

(1  -  .51091)  =  16,974  foot-pounds. 

1 1 66.  If  the  initial  and  final  pressures  and  the  initial 
volume  are  given,  to  find  the  work  a  formula  may  be  derived 

as  follows : 

From  formula  81,  PF»-"  =  P,  F/"  ;  hence,  -^^  =  ^, 

V       IP  \T*n 

or  -p-  ■=  I  pT  1  '         Effecting  both  sides  of  this  last  equa- 

^\        ,  <>r  (p;  j     =  \-A        ,    since   .41  -^  1.41  =  .29078. 
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Substituting  the  right-hand  member  of  the  last  equation  in 
formula  82, 

i  =  2-14PI'[l-(^y ].  (83.) 

1167.  If  the  pressure  be  taken  in  pounds  per  square 
inch,  82  and  83  become 

i=  351.36/  v[l  —  iPj'"  ],  (84.) 

and  i  =  361.36/ rTl  —  ^^'V       1.  (85.) 

In  both  formulas,  /»  and  V  are  the  initial  pressure  and 
volume,  respectively.  When  a  gas  expands  without  receiv- 
ing or  losing  any  heat,  the  pressure  falls,  as  shown  by  Fig. 
320,  and  it  is  said  to  expand  adlabatlcally.  The  curved 
line  A  B  C  D  E'\s  called  the  adlabatlc  curve. 

1 168.  Formulas  82  and  83  (and,  of  course.  84  and 
85)  may  be  used  for  compression  as  well  as  for  expansion, 
the  letters  /"and  F  representing  the  initial  pressure  and 
volume,  and  P^  and  I'',  the  final  pressure  and  volume,  in  both 
cases.     To  show  that  such  is  the  case,  proceed  as  follows; 

Dividing  both  sides  of  formula  82  by  3.44, 

Now,  if  the  formula  is  true  for  both  cases,  the  work  done 
during  adiabatic  expansion  must  equal  the  work  required 
to  immediately  compress  the  air  back  to  its  pressure  before 
expansion.  But,  if  the  final  pressure  and  volume  after  ex- 
pansion be  represented  by  P^  and  K,.  these  letters  will  rep- 
resent the  initial  pressure  and  volume  during  compression. 
Consequently,  in  order  to  prove  that  the  formula  holds  good 
for  both  cases,  it  must  be  proved  that 

PfFi  — (-^y"1  =/•,  r.fl-  (-^V"].     By  formula  81, 

Pi''-" 
py-"  =  p^  t ','■",  or/*,  —    j-r..i-     Representing  the   expo- 

PV 
nent  1.41  by  m,  for  convenience,  /*,  =  —rrrr-      Substituting 
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this   value   of   /\  in  P^  VA\  —  (-p)       L  it  becomes,  since 
.41  =  ;//-  1, 

''''[f;^-o=-^'1'-^]=-''''['-(7t)"']' 

which  was  to  be  proved. 

When  applying  the  formula  for  cases  of  compression,  it 
will  be  found  that  the  result  is  negative.  The  minus  sign 
merely  indicates  compression,  the  numerical  value  being  the 
same  as  in  the  case  of  expansion. 

1169.  From  fcymula  81  two  other  formulas  maybe 
derived,  which  arc  of  great  importance  in  investigations  per- 
taining to  the  theory  of  heat.     They  are  derived  as  follows: 

(T7V1-41  p 

irj    =$• 

Representing  1.41  by  ;//,  as  before, 

p 

Multiplying  both  sides  of  equation  (a)  by  -jy. 


-  i  -     '- 


Substituting  for  ;;/  its  value,  1  —  1.41  =  —  .41,  and 


•4J  •3801k 


jy-j—  =  \   n)         ~  ( "7^" )  •    According  to  the  theory  of 

(P    \-    .««»OTH  /    P\  •*•"'• 

-Jj]  =(-75-1 

py  .  py.... 

Hence,  -p-y  =  [jyj        .     (d) 

1  170.     According  to  formula  62,  Art.  1058, 

pr     i\  r.        PV      T 


'  -  '    or 

y,  y,  ,       V71  jy         ,r        y'       • 
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PV 
Substituting  this  value  of  -p-p-  in  equation  {V) 


\p)        =  7\-  ^®^*^ 


1  41  —  1       w  —  1 

Likewise,   since  .29078=    \  ,^ — = •  formula  86 

'  1.41  m    ' 

(/>\i!LzLJL         T 
"p" )   "*    =  "7^-     (^) 

p      /  y\^ 
But,  since  -p-=  i-pij  ,  from  formula  81,  equation  {c) 

Substituting  for  m  its  value, 

1171.  Formulas  86  and  87  may  be  used  to  compute 
the  temperature  of  the  air  after  adiabatic  expansion  or  com- 
pression when  the  initial  and  final  pressure  or  the  initial  and 
final  volume  are  known  and  the  initial  temperature  has  been 
noted. 

In  formulas  86  and  87,  the  pressures,  volumes,  and  tem- 
peratures may  be  expressed  in  any  units  desired,  remember- 
ing that  the  pressures  and  temperatures  are  absolute.  In 
other  words,  the  pressures  may  be  in  pounds  per  square 
inch,  pounds  per  square  foot,  inches  of  mercury,  etc. ;  the 
volumes  may  be  in  cubic  feet,  cubic  inches,  cubic  meters, 
etc.,  and  the  temperatures  may  be  in  Fahrenheit,  Centigrade, 
or  Reaumur  degrees. 

Example. — The  temperature  of  the  air  as  it  enters  the  cylinder  of 
an  air  compressor  is  60^^ ;  what  is  its  final  temperature  after  being  com- 
pressed to  100  pounds  per  square  inch,  absolute,  the  compression  being 
adiabatic  ? 

Solution. — The  initial  pressure  is,  of  course,  14.7  lb.  per  sq.  in.; 
hence,  substituting  in  formula  86  the  values  of  /*,  Pi,  and  7",  Tx  = 

T\^^\         =^2^(-TJ^)         =908.1".   Therefore,  final  temperature  = 
908.1 -460  =  448.  r.    Ans. 
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1 1 72.  If  the  volume  of  air  were  5  cu,  ft.  and  the  pres- 
sure were  10.34  lb.  per  sq.  in. — that  is,  if  the  piston  were  at 
E  F,  Fig.  2i0,  and  the  air  were  compressed  tc.  1  cu.  ft.,  no 
heat  being  lost — the  final  pressure  would  be  100  lb.,  as 
before;  the  curve  of  pressures  would  be  the  adiabatic 
curve  E  D  C  B  A,  3,^  in  the  case  of  expansion.  The  work 
which  the  air  would  do  when  it  expanded  isothermally,  or  at 
constant  temperature,  was  found  to  be  23,17fl  foot-pounds, 
and  when  it  expanded  adiabatically,  16,974  foot-pounds,  a 


result  considerably  less.  This  was  to  be  expected,  since,  as 
no  heat  was  added,  the  heat  required  to  do  the  work  of 
expansion  had  to  be  taken  from  the  gas,  thus  reducing  its 
energy  and  the  amount  of  work  that  it  could  do.  To  better 
show  the  effects  of  isothermal  and  adiabatic  expansion,  the 
two  curves  shown  in  Figs.  ■J'JH  and  229  are  drawn  together 
in  Fig.  •i'iO.     Here  S  A  B  C  D  E'vi  the  isothermal  curve  of 
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expansion  or  compression,  and  S'  A  B'  C  17  E'  is  the  cor- 
responding adiabatic  curve.  If  5  en.  ft.  of  air  having  a  ten- 
sion of  20  lb.  per  sq.  in.  be  compressed  isothermally,  the 
curve  of  compression  would  follow  the  line  E  D  C  B  A  S. 
while,  if  compressed  adiabatically,  the  initial  tension  and  vol- 
ume being  the  same,  it  would  follow  the  doited  line  E  W. 
Hence,  if  the  air  were  thus  compressed  to  1  cu.  ft.,  it  is  easy 
to  see  that  the  work  required  would  be  far  more  for  adiabatic 
compression  than  for  isothermal  compression.  To  obtain 
the  area  A  C  E'  F I.^  the  following  formula  may  be  used, 
which  gives  it  directly  for  air  when  /  and  p^  are  the  greater 
and  lesser  pressures,  respectively,  and  Y  and  V^  their  cor- 
responding volumes: 

Af:=fil  =  arca.         (88.) 

1173.  By  means  of  this  formula,  the  mean  ordinate 
may  be  calculated  directly,  without  drawing  the  curve  and 
measuring  the  mean  ordinates  of  the  equal  parts.  Thus,  the 
pressure  corresponding  to  a  volume  of  5  cu.  ft.,  and  denoted 
by  the  ordinate  E'  F,  was  found  to  be  10.34  lb.  per  sq.  in. 
The  greater  pressure  was  100  lb.  per  sq,  in.,  and  the  corre- 
sponding volume  leu.  ft,  •,\iGJice,ihea.rea.AB'  C'Zy  E'  FLA\s 

pV-pJ',      lOOX  1 -in.34x  5      ,,-„„_  .        _.. 

i— — j^-= — *-=  - — ji =117.803   sq.   in.     This, 

divided  by  the  length  LF=4.,  gives"^^^,^"^  =  29.45125  lb. 

per  sq.  in.  =  mean  ordinate.  Since  the  area  of  the  piston 
was  144  sq.  in.,  and  the  piston  moved  4  ft.,  the  work  it 
could  do  is  29.46125  X  144  X  4=  lC,9i;4  foot-pounds.  The 
previous  calculation  gave  1(5,974  foot-pounds,  a  difference 
of  10  foot-pounds.  Both  methods  would  have  given  the 
same  result  had  the  calculation  for  the  final  pressure,  10.34 
lb,  per  sq.  in.,  been  carried  out  to  a  sufficient  number  of 
decimal  places,  and  7-figure  logarithms  used  instead  of 
those  of  5  figures.  The  difference  is  so  slight  that  the 
results  are  practically  the  same. 
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1 174.  A  little  thought  will  show  that  the  vork  <fone  is 
directly  proportional  to  the  areas,  and  that  the  areas  them- 
selves may  be  considered  as  representing  the  work  done  on 
(he  piston  during  one  stroke.  For  the  mean  pressure  was 
just  now  found  to  be  2il.45  lb.  per  sq.  in.  Since  every  inch 
of  length  on  any  ordinate  in  Fig.  230  represents  a  pressure 
of  20  lb.  per  sq.  in.,  the  actual  length  in  inches  of  the  mean 
ordinate  is  29.45  ~'20  =  1,4735  in.  The  length  of  the  area 
is  4  in.,  and  the  actual  area  is  1.4725  X  4—  S.Sftsq.  in.  Now, 
since  the  ordinates  are  so  drawn  that  1  in.  =  20  lb.  pressure 
per  sq.  in.,  and  the  area  of  one  sq.  ft.  is  144  sq.  in.,  5.89  X 
20  X  144  =  work  =  16,963  foot-pounds,  the  same  result  as 
before.  Therefore,  if  in  any  diagram  of  this  kind  the  actual 
area  be  multiplied  by  the  vertical  scale  of  pressures  in  pounds 
per  square  inch  (in  this  case,  1  in.  =  20  lb.  per  sq.  in.)  and 
by  the  horizontal  scale  of  volumes  in  cu.  ft.  (in  this  case,  1  in. 
=  1  cu,  ft.),  and  then  multiplied  by  144,  the  result  is  the 
work.  The  work  is  represented  by  the  area,  and  the  ratio 
of  any  two  areas  is  the  same  as  the  ratio  of  the  works. 

1175.  Astudy  of  the  cmvesEDCBA  and  £  H^,  in 
Fig.  230,  will  show  why  the  walls  of  air  compressors  are 
cooled.  Suppose  that  £  7^  represents  a  pressure  of  14.7  lb. 
per  sq.  in.,  instead  of  20  lb.,  as  formerly.  This  is  the  pres- 
sure of  the  atmosphere,  and,  consequently,  the  initial  pressure 
in  the  air  compressor  cylinder.  If  the  air  were  not  cooled 
while  being  compressed,  the  pressures  corresponding  to  the 
various  volumes  would  be  given  by  the  dotted  adiabatic 
curve  E  IV. 

If  the  air  thus  compressed  could  be  used  at  once,  there 
would  be  no  loss,  since  the  heat  imparted  to  it  would  be 
utilized  in  doing  work,  and  it  would  make  no  difference 
whether  the  compression  was  adiabatic  or  isothermal.  Such 
is  not  the  case,  however.  The  air,  after  leaving  the  com- 
pressor, is  stored  in  a  large  reservoir  called  a  receiver,  from 
which  it  is  conveyed  in  pipes  to  the  engines,  pumps,  or  other 
machines  which  it  operates.  These  are  situated  sometimes 
5  miles  or  more  from  the  compressor,  and   when  the  air 


H  machine 

^h  5  miles 
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reaches  them,  its  temperature  has  been  reduced  to  that  of 
the  atmosphere.  As  a  consequence  of  this  reduction  in 
temperature,  the  pressure  falls  to  a  point  determined  by  the 
intersection  of  an  ordi- 
nate drawn  through  the 
point  IV  and  the  isother- 
mal curve  E  B  A.  Fig. 
231  shows  the  curves 
when  applied  to  an  air 
compressor.  O  L  repre- 
sents the  initial  volume, 
say  5  cu.  ft. ;  LB  the 
atmospheric  pressure 
14.7  pounds  per  square 
inch,  and  O  H  the  final 
pressure,  say  100  pounds 

per  square  inch.     B   C  fig.  231. 

represents  the  adiabatic,  and  B  A  the  isothermal,  compres- 
sion curve,  respectively. 

The  point  /%  where  the  ordinate  through  C  intersects  the 
isothermal  B  A^  indicates  the  pressure  of  air,  when  com- 
pressed adiabatically  after  it  has  cooled  to  the  temperature 
of  the  outside  air.  Measuring  the  ordinate  E  /%  the  pres- 
sure at  the  point  is  found  to  be  57.26  pounds  per  square 
inch. 

The  work  done  in  compressing  the  air  adiabatically,  and 
in  forcing  it  out  of  the  cylinder  is  proportional  to  the  area 
B  L  O  H  Cy  while,  for  isothermal  compression,  the  work  is 
proportional  to  the  area  B  LO  H  A.  The  work  lost  through 
adiabatic  compression  is  the  difference  of  these  two  areas,  or 
the  area  ABC,  By  the  use  of  some  cooling  device,  such 
as  the  water  jacket  described  in  Art.  1071,  the  compres- 
sion curve  will  lie  between  the  curves  B  C  and  B  A^  and  the 
subsequent  fall  of  pressure  due  to  the  cooling  will  be  greatly 
reduced.  In  the  best  types  of  modern  air  compressors,  this 
curve  will  lie  about  half  way  between  B  C  dmAB  A^  as  shown 
by  the  dotted  curve  B  K^  and  the  fall  of  pressure  will  then 


be  Ko,  instead  of  C  P,  as  in  the  former  case  where  no  cooling 
took  place. 

1 1  76.     The  efficiency  of  the  cooling  device  is  determined 

as  follows:   Suppose  that  B  K  H  N  represents  an   actual 

indicator  diagram  taken  from  the  air  cylinder  of   an  air 

compressor.     Lay  off  jV  (?  equal  to  the  pressure  of    the 

atmosphere,  as  determined  by  a  barometer,  or  equal  to  14.7 

pounds  per  square  inch,   if  no  barometer  reading  has  been 

taken,  and  draw  the  isothermal  and  adiabatic  curves  B  A 

and  B  C\a  the  usual  manner.     Then,  the  efficiency  of  the 

,.       ,     .          areaofr^AT 
cooUng  device  = -        . 

The  student  who  approaches  the  subject  of  cooling  devices 
for  air  compressors  for  the  first  time  is  apt  to  reason  falla- 
ciously in  the  following  manner:  He  argues  that,  although 
the  air  is  cooled,  the  work  done  on  the  air  is  the  same  in 
either  case,  the  work  not  shown  by  the  card  being  turned 
into  heat  and  carried  away  by  the  cooling  water.  The 
fallacy  of  this  reasoning  may  be  proved  by  taking  an  indi- 
cator diagram  from  the  steam  cylinder.  It  will  always  be 
found  that  the  work  shown  by  the  steam  diagram  will  al- 
ways equal  that  shown  by  the  air  diagram,  plus  the  work 
needed  to  overcome  the  friction  of  the  moving  parts,  no 
more  and  no  less.  The  student  may  reason  himself  out  of 
the  fallacy,  thus;  During  the  compression  of  a  given  weight 
of  air,  there  are  four  quantities  which  are  liable  to  vary:  the 
pressure  P,  the  volume  V,  the  temperature  T,  and  the  total 
quantity  of  heat  Q  which  the  air  possesses.  During  adiabatic 
compression,  the  total  quantity  of  heat  in  the  air  remains 
the  same;  i.  e.,  Q  is  constant  while  /'  V,  and  /"vary.  Dur- 
ing isothermal  compression,  on  the  contrary,  P,  V,  and  Q 
vary,  T  remaining  constant.  If  Q  represents  the  total 
amount  of  heat  in  the  gas  before  compression,  and  Q^  the 
total  amount  of  heat  after  compression,  Q  — £5^  =0,  in  the 
case  of  adiabatic  compression,  while,  in  the  case  of  isother- 
mal compression,  778  {_Q—  0,)  is  exactly  equal  to  the  work 
represented  by  the  area  A  B  Cia.  Fig.  231. 


IEX*.HI>t,BS  FOR  PBACTICE. 

1.  If  5.fi8  cu,  fi.  of  air  having  a  temperature  o£  50'  is  compressed 
adiabalically  tn  a  volume  at  l.H  cu.  ft.,  what  is  the  final  temperature  ? 

Ana.  473.58'. 

2.  In  the  above  example,  if  Ihe  initial  tension  is  14.7  lb.  per  sq.  in,. 
what  is  the  final  tension  ?  Ans.  117..57  lb.  per  sq,  in. 

S.  With  the  same  data  aa  above,  calculate  the  horsepower  required 
to  discharge  the  air,  if  10^  Is  allowed  for  friction  and  the  compressor 
discharges  SO  times  per  minute  ?  Ans.  46.84  H.  P. 

4.  With  the  conditions  the  same  as  in  the  preceding  example, 
calculate  the  horsepower  required  when  the  compression  is  isothermal  ? 

Ans.  80.053  H.  P. 

5.  Eight-tenths  cu.  ft.  of  air,  at  a  temperature  of  130'  and  a  pressure 
of  «  lb.  per  sq.  in.,  expands  adiabatically  to  the  pressure  of  the 
atmosphere.  {</)  What  is  the  final  volume?  (4)  The  final  temperature? 
(/)  The  work  done  during  eipan^on?  i  (a)  1.769  cu.  ft 

Ans.  i  li)        -  41.07°. 
( (c)  3,513  ft-lb. 

THE    IDEAL    HEAT    ENGINE. 

1177.  Second  Law  of  Thermodynamics. — //eat 
cannot  pass  from  a  cold  to  a  hot  body  by  a  self-acting  process 
unaided  by  external  agency. 

1 1 78.  Tbe  Reversible  Cycle  Process. — In  Fig.  'l'A%, 
suppose  5  5  to  be  the  cylinder  of  a  single-acting  engine;  i.  e., 
one  which  does  work  only  when  the  piston  is  moving  in  one 
direction,  and,  for  simplicity,  assume  that  the  engine  is  a 
hot-air  engine.  Call  the  fire  which  heats  the  air,  or  source 
cf  heat,  the  hot  body ;  the  atmosphere  into  which  the  hot 
air  exhausts,  and  which  absorbs  the  heat,  the  refrigerator, 
or  cold  body,  and  the  air  in  the  cylinder  which  does  the 
work,  owing  to  the  expansion,  the  Intermediate  bod}-. 
Suppose,  further,  that  the  cylinder  is  made  of  a  perfect 
non-conducting  heat  material  and  that  the  head  (which  call 
a)  can  be  removed  and  replaced,  whenever  it  is  desired,  by 
one  that  is  a  perfect  conductor  of  heat.  Call  this  head  b. 
All  of  the  above  conditions  regarding  the  construction  of 
the  cylinder  are,  of  course,  impossible;  the  only  reason  for 
making  these  assumptions  is  that  the  action  of  the  inter- 
mediate body  may  be  considered  under  perfect  conditions. 


J 
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Let  O  Kand  O  A',  Fig.  232,  be  the  coordinate  axes,  and"' 
let  O  l\  represent  the  volume  S  1  ot  the  air  in  the  cylinder, 
•rboise  absolute  temperature  is  7",;  pressure,  /*„  and  volume 
I ',.  When  the  piston  is  at  /,  the  line  l\  A  represents  the 
pressure  P  in  pounds  per  square  foot. 

1.  Suppose  the  head  ^  to  be  in  place,  and  to  be  in  con- 
tact with  the  hot  body,  which  is  always  kept  at  a  uniform 
temperature  7"„  any  heat  abstracted  being  immediately 
supplied  by  the  fire.  Then,  so  long  as  the  head  ^  is  in  con- 
tact with  the  hot  body,  the  temperature  nf  the  air  in  the 
cylinder  will  remain  constant.  Suppose  the  air  to  expand 
until  the  piston  has  reached  another  position,  as  2,  over- 
coming a  resistance  at  every  point  just  equal  to  the  tension 
of  the  expanding  air.  Heat  is  supplied  by  the  hot  body  and 
the  temperature  remains  constant;  in  other  words,  the  ex- 
pansion is  isothermal.  The  work  done  will  be  represented 
by  the  area  A  B  \\  F,. 

2.  Replace  head  i  with  head  a,  and  let  the  air  expand 
further  until  the  piston  has  reached  the  extreme  position  -J. 
No  heat  can  now  enter  or  leave  the  cylinder,  and  this  ex- 
pansion will  be  adiabatic.  The  position  2  should  be  so 
chosen  that,  at  the  end  of  the  adiabatic  expansion,  the  tem- 
perature 7"„  corresponding  to  the  pressure  CI',  and  volume 
O  V„  which  denote  by  P,  and  ^'„  respectively,  will  be  the 
same  as  that  of  the  cold  body.  The  work  done  during  this 
period  is  represented  by  the  area  B  C  K,  f'„  and  the  total 
work  done  during  expansion  from  7  to  5  hy  A  B  V,V^-^ 
BCV,V,  =  ABC  V,  V, 

3.  Replace  the  head  a  with  head  fi,  and,  supposing  head 
^  to  be  in  contact  with  the  cold  body,  move  the  piston  to 
position  i-  The  air  will  then  be  compressed,  and,  since  the 
temperature  of  the  cold  body  is  assumed  to  remain  at  /"„ 
the  compression  is  isothermal.  Consequently,  a  certain 
quantity  of  heatmustbe  abstracted  from  the  air  and  rejected 
to   the  cold   body.      The   work   done   a/ion   the  air  will  be 

(presented  by  the  area  C  l\l ',  /?.     The  position 4  should  be 
so  chosen  that  if  the  air  be  compressed  adiabatically  from 
to  i,  the  volume,  pressure,  and  temiicrature  of  the  air. 


rom  4    J 
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the  piston  reaches  position  /,  will  be  the  same  as  at  the 
beginning. 

4.  Replace  the  head  b  with  head  a.  No  heat  can  then 
enter  or  leave  the  cylinder,  and  the  air  will  be  compressed 
adiabatically  to  the  original  volume,  pressure  and  tempera- 
ture, provided  the  position  ^  has  been  rightly  chosen.  The 
work  done  upon  the  air  is  represented  by  the  area  D  P\  V^  A, 
and  the  total  work  done  upon  the  air  is  C  K,  V^  D-^- 
D  F.  F,  A  =  CV^  V,  A  D. 

The  excess  of  work  done  by  the  air  over  that  done  upon 
it;  i,  e.,  the  excess  of  heat  in  foot-pounds,  taken  from  the  hot 
body  over  that  rejected  to  the  cold  body,  is  determined  by 
difference  of  the  areas  yl  B  C  V\  \\  and  C  V,  I',  A  D,  or 
A  B  C  D.  It  should  be  noted  that  the  only  means  by  which 
the  piston  could  be  returned  from  5  to  i  was  through  the 
application  of  an  external  force.  It  will  also  be  noticed  that 
the  condition  of  the  intermediate  body  is  now  exactly  the 
same  as  regards  pressure,  volume,  and  temperature  as  in 
the  beginning. 

H79.  A  series  of  operations  similar  lo  that  described 
above  is  called  a  cycle  process,  and  when  the  last  operation 
leaves  the  intermediate  body  in  the  same  state  as  in  the 
beginning,  the  process  is  called  a  closed  cycle;  otherwise, 
it  is  an  open  cycle.  Thus,  the  process  represented  by  the 
lines  A  B,  B  C,  C  D,  and  /J  .-J  is  a  closed  tyck,  while  that 
represented  by  the  lines  A  B,  B  C,  C  F,  and  ^  £"  is  an  open 
cycle,  and  heat  must  be  added  to  the  intermediate  body  to 
bring  it  into  the  same  conditions  that  governed  it  in  the 
beginning. 

1 1 80.  Every  closed  cycle  process  is  reversible  ;  that 
is,  the  operations  described  in  connection  with  it  may  be 
reversed.  Thus,  let  the  air  expand  adiabatically  from  /  to 
.(,  the  pressures  being  represented  by  the  curve  A  D\  then, 
isothermally  from  Jp  to .?,  the  pressures  following  the  curve 
D  C;  then,  compress  it  adiabatically  from  3  to  S,  the  pres- 
sures following  the  curve  C  B,  and.  lastly,  compress  it  iso- 
thermally from  2  to  /,  the  pressures  following  the  curve  B  A. 
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During  the  third  operation,  work  is  done  upon  the  air  (in- 
termediate body),  and  heat  is  abstracted  by  the  cold  body 
equal  to  this  work  in  foot-pounds.     The  amount  of  this  work 

is  2.302G  c  7;  log  -^  =  2.3026  c  T,  log  r,  =  area  C  F,  V^  D. 

During  the  fourth  operation,  the  temperature  is  raised, 
owing  to  the  conversion  of  work  upon  the  air  into  heat,  and 
the  amount  of  this  work  is 

2.44^  rfl  -(-py'n=  2.44^  tU  -  r/»)=  area  D  V^  V^A. 

It  was  shown  during  the  demonstration  of  the  determina- 

V        V 
tion  of  the  points  B  and  D  that  -y^  =  -W.     Hence,  r,  =  r^, 

and  the  work  done  during  adiabatic  expansion,  or  the  area 
B  C  V^  Fj,  equals  the  work  done  during  adiabatic  compres- 
sion, or  the  area  D  V^  V^A,  Since,  in  the  first  case,  heat  in 
the  intermediate  body  is  converted  into  work,  and,  in  the 
second  case,  work  from  some  external  source  is  converted 
into  heat,  the  two  works,  being  equal,  neutralize  each  other, 
and  the  total  work  done  by  the  machine  and  represented  by 
the  area  A  B  C DA  equals  the  difference  of  the  work  done 
by  the  intermediate  body  during  isothermal  expansion  over 
that  done  during  isothervial  compression ;  i.  e.,  work  done 
=  2.;K)20r  7;  log  r^  -  2.302Gr  T,  log  r,. 

Consequently,  r,  =  r,,  and  the  work  accomplished  dur- 
ing the  cycle  =  2.3020  r  T^  log  r,  -  2.3026  c  T,  log  r,  = 
2.3020  c  log  r^  {'J\  —  1\).  Hence,  the  efficiency  of  a  perfect 
u     .  2.3020  c  log  r,  ( 1\  -  T)       ^       T^-  T   .^^  ^ 

heat  engine  =  -  -:>.,,,,  fyfrotT:^  =.^  =  --y^.(89.) 

That  is,  /or  a  perfect  Iicat  engine  operatifig through  a  revers- 
ible cycle  process,  tJic  efficiency  of  the  machine  is  the  ratio  of 
the  differ ence  of  the  absolute  temperatures  of  the  sources  of 
heat  and  of  cold  to  the  absolute  temperature  of  the  source 
of  heat. 

Since,    according   to  the   first   law,  heat  and  mechanical 

energy  are  mutually  convertible,  it  follows  that  the  fraction 

T  -  T 

— '-y — '  represents  the   percentage  of  the  heat  taken  from 

1 

the  hot  body,  which  was  utilized  in  doing  work. 
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1183.  The  efficiency  of  the  engine  can  become  equal 
to  unity,  or  100^ — i.  e.,  the  engine  can  turn  the  whole  of  the 
heat  supplied  to  it  into  work — only. when  7^,  =  0,  and  this 
can  only  occur  when  the  cold  body  has  the  absolute  zero  of 
temperature.  The  absolute  temperature  7,  can  not  be  made 
0,  nor  even  approached ;  in  fact,  it  is  impracticable  to  reduce 
the  temperature  below  that  of  the  surrounding  air ;  hence, 
in  order  to  obtain  a  comparatively  high  efficiency,  the  initial 
temperature  must  be  very  high.  Suppose  that  the  temper- 
ature of  the  air  at  the  beginning  of  expansion  was  540°,  and 
at  the  beginning  of  adiabatic  compression  was  32°;  the 
absolute    temperatures  would  be   540  +  4G0  =  1000°,  and 

T  —  T 
492°,    respectively.       The  efficiency   would   be  — ^—^^ — -  = 

1 
— — —  =  50. 8j^.     Such  a  high  temperature  could  not  be 

used  in  actual  practice.     In  a  practical  working  engine,  the 

efficiency  would  be  even  less  than  that  indicated  by  the  frac- 

T  --  T 
tion  — ^—7p — \  since  work  is  required  to  overcome  the  loss 

due  to  friction,  a  part  of  the  heat  supplied  is  radiated,  etc. 
The  terms  heat  and  work  are  here  considered  to  be  synony- 
mous. 

1184.  It  is  easy  to  see  that  a  closed  cycle  is  more 
efficient  than  an  open  cycle.  For,  referring  to  Fig.  232,  let 
A  B  C  F  E  A  represent  an  open  cycle.  Then,  the  work 
done  by  the  air  is  the  area  A  B  C  l\  V^  as  before,  while  the 
work  done  upon  the  air  when  the  point  E  has  been  reached 
is  C  V^V^E  F.  The  gain  in  area  over  that  obtained  in  the 
closed  cycle  is  the  area  A  D  F  E,  But  in  order  that  the 
temperature  of  the  intermediate  body  may  be  the  same  as 
that  of  the  hot  body,  an  amount  of  heat  must  be  imparted 
equal  to  the  work  represenccd  by  the  area  E  G  Y  A^  and, 
since  this  area  is  evidently  greater  than  the  area  A  D  F  E^ 
it  follows  that  there  is  a  loss  over  that  of  the  previous  cycle. 

1 1 85.  It  is  now  easy  to  prove  that  an  engine  operating 
through  a  cycle  between  the  temperatures  7\  and  7",  can  not 


hare  a  greater  efficieocy  tban  - 


For,  suppose  that 


an  engine  could  be  devised  haTing  a  greater  efficiency  thaa 
the  one  operating,  as  indicated  by  Fig.  S32  (which  call  \o, 
1);  call  this  engine  No.  2,  and  let  it  drive  No,  1  tbtYingh  a 
reverse  cycle.     (For  example,  nippose  engine  Xo.  3  to  be  a 


Flo.  !32. 

hot-air  engine,  and  No,  1  an  air  compressor.)  Then,  engine 
No.  'i  takes  heat  from  the  hot  body  and  rejects  it  into  the 
cold  body,  while  engine  No.  1,  operating  in  a  reverse  cycle, 
takes  heat  from  the  cold  body  and  rejects  it  into  the  hot 
body.     Suppose  the  horsepower  of  both  engines  to  be  the 
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same.  Then,  in  engine  No.  2,  work  is  done  by  the  inter- 
mediate body  by  aid  of  the  heat  received  from  the  hot  body ; 
and,  in  engine  No.  1,  work  is  done  upon  the  intermediate 
body  by  aid  of  the  heat  taken  from  the  cold  body  through 
the  agency  of  engine  No.  2.  If  friction  be  neglected  and 
both  engines  are  perfect  engines,  it  is  evident  that  this  com- 
bination could  go  on  running  forever. 

Since  the  power  of  both  engines  is  the  same,  and  engine 
No.  2  was  assumed  to  be  more  efficient  than  engine  No.  1, 
it  is  evident  that  engine  No.  2  will  reject  less  heat  into  the 
cold  body  than  engine  No.  1  takes  from  it.  From  this,  it 
follows  that  if  the  engines  be  kept  to  work  long  enough,  the 
whole  of  the  heat  in  the  cold  body  could  be  taken  out  of  it 
and  transferred  to  the  hot  body — that  is  to  say,  heat  could 
be  transferred  from  a  cold  body  to  a  hot  body  by  means  of 
a  self-acting  contrivance — a  result  contrary  to  all  experience, 
and  contradicting  the  second  law  of  thermodynamics.  It 
is  easy  to  see  that  the  result  would  be  a  perpetual  motion 
machine — an  impossibility. 

1 1 86.  The  conclusion  is  thus  evident :     No  heat  engine 

operating  between  the  temperatures   T^  and  7,  can  have  a 

greater  efficiency  than  the  reversible  cycle  engifte.     Likewise, 

the  thermal  efficiency  of  any  heat  engine  may  be  determined 

T  —  T 
by  the  fraction  — —^^ — -^  where  T^  is  the  highest  and  T^  the 

lowest  absolute  temperatures  of  the  intermediate  body. 

If  the  student  is  not  satisfied  by  the  above  reasoning  that 

T  —  T 
no  engine  can  have  a  greater  efficiency  than  — ^—^^ — ^,  he  may 

assume  the  intermediate  body  to  be  subjected  to  any  process 
whatever;  then,  calculate  the  work  done  by  it  and  the  work 
done  upon  it  If  between  the  same  limits  of  temperature 
he  can  obtain  a  greater  amount  of  work  for  the  same  quan- 
tity of  heat  taken  from  the  hot  body,  then  the  above  reason- 
ing is  not  true. 

1187.  It  was  previously  shown  that  a  closed  cycle  had 
a  greater  efficiency  than  an  open  one.     Now,  take  a  cycle 
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4 

X  4  X  log-  =  11,738  foot-pounds.  The  heat  energy  re- 
quired to  raise  the  temperature  and  pressure  to  the  original 
temperature  and  pressure  is  778 s^lV  {T^—  T^).  The  weight 
of  1  cubic  foot  of  air  at  the  temperature  7,  of  520°  and  a 
pressure  of  58.8  pounds  per  square  inch  is,  by  formula  61  f 

no  Q 

Art.  1057,  ^^=.37052X520=-^^^^  P^""'^'  "^"^y- 
Hence,  the  heat  energy  required  =  778  X  .16847  X 
.3052  (885  —  620)  =  14,601  foot-pounds.  Hence,  the  work 
accomplished  during  the  cycle  ABC  DA  =  19,963  —  11,738 
=  8,225  foot-pounds,  while  the  heat  energy  expended  was 
19,963-f  14,601  =  34,564  foot-pounds.      Consequently,   the 

efficiency  =     '  ^^  .  =  23.79j^.      Had    the    engine    operated 

<54,od4 

through  a  reversible  cycle,  the  efficiency  would  have  been 
885  -  520 


885 


=  41.24j^. 


Since  a  similar  result  may  be  obtained  for  any  process 
which  the  student  may  apply  the  reasoning  to,  it  follows 
that,  under  the  theoretical  conditions  governing  the  revers- 
ible cycle  process,  the  reversible  cycle  is  the  most  efficient. 

The  foregoing  description  of  the  ideal  heat  engine,  and 
conclusions  derived  from  the  consideration  of  it,  comprise 
the  most  important  laws  and  generalizations  to  be  found  in 
the  science  of  thermodynamics.  The  student  should  study 
it  with  extreme  care,  and  review  it  after  finishing  the  subject 
of  Steam  and  Steam  Engines. 

1 1 88.  Note. — The  following  application  of  the  foregoing  prin- 
ciples to  the  indicator  diagram  of  a  steam  engine  should  not  be  read 
until  the  subject  of  Steam  and  Steam  Engines  has  been  studied. 

In  Fig.  234,  B  C  D  E  F  G  represents  a  diagram  taken 
from  a  perfect  steam  engine;  i.  e.,  an  engine  which  admits 
steam  at  full  boiler  pressure,  cuts  off  instantly,  exhausts  at 
the  end  of  the  stroke,  the  pressure  falling  instantly  to  that 
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of  the  atmosphere,  has  no  back  presBure,  exhaust  closes  in- 
stantly  at  the  proper  point,  and  which  neither  radiates  nor 
absorbs  heat  from  the  cylinder  walls.  Since  the  isothermal 
of  saturated  steam  is  a  straight  line  parallel  to  the  atmos- 
pheric line  /  E^  the  clearance,  or  initial,  volume  O  V^  may 
be  regarded  as  if  filled  with  a  mixture  of  steam  and  water 
having  the  absolute  pressure  O  A^  say  100  pounds  per 
square  inch,  and  the  temperature  327.025^  corresponding  to 

that  pressure.  Now,  let 
the  piston  move  to  the 
position  C  V^  the  volume 
increasing  to  O  F,,  and  all 
the  water  turning  into 
steam.  By  addition  of 
heat,  the  temperature 
(consequently,  the  pres- 
sure) may  be  kept  con- 
^sunt,  and  ^  C  is  the 
isothermal  curve.  At  (7, 
the  supply  of  heat  is 
stopped  and  the  adiabatic 
expansion  begins,  con- 
tinuing to  the  end  of  the 
stroke,  or  until  the  point 
D  is  reached.  Here  the  exhaust- valve  opens,  and  the  greater 
part  of  the  steam  is  allowed  to  escape  into  the  atmosphere 
or  into  the  condenser;  suppose,  for  convenience,  that  it 
escapes  into  the  atmosphere.  The  pressure  immediately 
falls  to  {',  E.  The  engine  now  reverses  its  stroke  and  pushes 
the  steam  out  of  the  cylinder  at  the  constant  pressure  V^ 
E  until  the  point  E'\s  reached.  Since  the  pressure  is  con- 
stant, the  temperature  is  constant,  and  the  line  ,E  F  cor- 
responds to  the  isothermal  compression  line  of  Pig.  232. 
At  /%  the  exhaust  port  closes,  and  the  steam  is  com- 
pressed adiabatically  during  the  remainder  of  the  stroke 
E  A',  following  the  curve  E  G,  Now,  by  adding  heat, 
the  pressure  is  raised  to  F,  B^  and  the  above  operations 
may  be  repeated. 


Pic.  284. 
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It  IS  evident  that  the  cycle  just  described  is  not  reversible, 
being  open  at  both  ends ;  but,  nevertheless,  it  has  a  greater 
efficiency  than  could  be  obtained  from  an  actual  engine- 
The  thermal  efficiency  of  the  process  just  described  is  easily 
found.  The  temperature  corresponding  to  a  pressure  of  100 
pounds  per  square  inch  is,  from  the  steam  table,  327.625°, 
and  to  14.7  pounds  per  square  inch,  212°;  whence  7| 
=  787.625°    and     7;  =  672°.     Therefore,    the    efficiency  = 

'  ^  ,.^^ =  14.685^.     Since  this  14.68j^  represents  the 

787.625  y-      f 

efficiency  when  the  steam  operates  through  a  reversible 
cycle,  it  is  evident  that  no  non-condensing  steam  engine 
operating  with  a  boiler  pressure  of  100  pounds,  absolute,  can 
attain  an  efficiency  as  high  as  14.68j^,  for  perfect  conditions 
can  never  be  obtained,  there  being  no  substance  which  is  a  per- 
fect non-conductor  of  heat.  The  dotted  outline  B'  C  D'  F'  G 
shows  a  very  good  diagram  supposed  to  be  taken  from  an 
actual  engine.  Here  the  initial  pressure  is  V^  B\  5  pounds 
less  than  the  boiler  pressure.  The  back  pressure  is  a 
little  over  2  pounds,  say  enough  to  make  it  17  pounds, 
absolute.  It  will  be  noticed  that  all  of  the  corners,  except 
B\  are  rounded,  and  that  the  expansion  line  C  D  falls  below 
the  theoretical  expansion  line  C  D,  In  consequence  of  this, 
the  engine  operates  as  though  the  boiler  pressure  were 
95  pounds  (corresponding  to  a  temperature  of  323.936°)  and 
the  back  pressure  17  pounds  (corresponding  to  a  tempera- 
ture of  219.452°).  Hence,  the  theoretical  thermal  efficiency 
.  783^936--679^  __ 
'^  783:936  -  ^'^''^'^*' 

To  show  what  the  conditions  must  be  in  order  that  the 
steam  engine  may  operate  through  a  reversible  cycle,  con- 
sider Fig.  234  again.  It  is  absolutely  necessary  that  the 
cycle  be  closed ;  hence,  the  steam  must  be  cut  off  at  some 
point  L  so  chosen  that,  during  the  succeeding  adiabatic  ex- 
pansion, the  pressure  will  fall  to  F,  E  at  the  end  of  the 
stroke ;  a  point  H  must  be  chosen  for  the  point  of  exhaust 
closure  such  that,  at  the  end  of  the  subsequent  adiabatic 


compression,  the  pressure  will  be  l\  B.  In  other  words,  the 
diagram  most  \x  B  L  E  H  B.  With  these  conditions  ful- 
filled, and  with  a  cylinder  which  is  a  perfect  non-conductor 
of  beat,  the  cycle  would  be  rcvcrsihlc,  provided  there  were 
no  .ounded  comers^ 
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STEAM. 

1189.  Steam  is  water  vapor — that  is,  it  is  water 
changed  to  a  gaseous  state  by  the  application  of  heat. 

11 90.  The  effects  of  the  application  of  heat  to  water 
may  be  shown  by  the  following  simple  experiment:  Take  a 
cylinder  of  indefinite  length,  fitted  with  a  piston,  which,  let 
us  suppose,  has  no  weight,  and  place  within  the  cylinder 
say  100  cubic  inches  of  water.  For  convenience,  let  the 
area  of  the  cross-section  of  the  cylinder  be  100  square  inches; 
then,  the  height  of  the  water  in  the  cylinder  is  1  inch.  (See 
(a).  Fig.  235.)  Assume  the  temperature  of  the  water  to  be 
33°  F. — that  is,  just  at  freezing  point.  The  upper  end  of 
the  cylinder  is  open  to  the  atmosphere,  and  the  piston  and 
the  water  under  it  are,  therefore,  subjected  to  a  pressure 
of  14.69  pounds  per  square  inch,  or  a  total  pressure  of 
100  X  14.G'J  =  l,4fi9  pounds.  Now,  let  heat  be  applied  to 
the  water  in  the  cylinder;  what  will  take  place  ? 

The  temperature  will  gradually  rise  from  32°.  The  volume 
of  the  water  will  decrease  slightly,  until  the  temperature 
reaches  39.2°  P,,  and  then  will  increase  gradually,  though 
almost  imperceptibly,  until  the  temperature  reaches  213°  F, 
At  that  point  the  piston  will  be  1.043  inches  from  the  bot- 
tom of  the  cylinder,  instead  of  1  inch,  the  volume  of  the 
■water  thus  having  increased  i.3ji,  while  the  temperature  has 
risen  from  32°  F.  to  212°  F.  Just  at  this  point  the  vibra- 
tions of  the  molecules  of  the  water,  which  have  become 
more  and  more  rapid  as  the  temperature  has  risen,  have 
become  rapid  enough  not  only  to  overcome  the  force  of 
cohesion,  which,  tends  to  keep  them  together,  but  also  to 
^ise  the  piston  with  its  load  of  1,469  pounds.     The  water 
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■-•^-.Z-t  '-■  l^-t  ^ase-^ns  lorm,  or,  in  other  words, 
e:  — t  ~-.t^fz  The  temperatore  now  remains  at 
i=.  :  :  -e  riiiel  a!»ve  that  point  as  long  as  any 
iL-<  :r  z'z-  ■;•.  :*.  :■=  of  the  cylinder. 


cha; 


tr  :he  witer  is  heated  to  "iVl",  more  heat 

rc-»=rT  remains  at  li.ii'J  pounds  per  square 

^        inch,   there  will  be  no  rise  in 

S        temperature,  but  some  of   the 

^"''^  water  will  change  to  steam  and 

the  piston  will  rise  as  shown  at 

irl.  Fig.  235.     Now,  push  the 

piston  down  until  the  volume  of 

the  steam  is  reduced  one-half, 

withdrawing  heat  so  as  to  keep 

the  temperature  at  ^l^".      We 

know  that,  with  a  perfect  gas, 

this  decrease  in  volume  would 

double  the  pressure ;  with  steam, 

however,   the  only  effect   is  to 

to  water  without  changing  the 


^ 


Xi\v,  r.iisf  I'lw  ;.;>;... :i.  keeping  the  temperature  at  21"^°. 
Wi-Ji  :i  ;>i-r!Vc:  yas,  wv  know  thai  the  pressure  would  fall  in 
,exai-i  pr'.;i..rt:-:i  t"  the  imrease  in  volume;  the  steam,  how- 
ever, Jichaves  in  a  difft-rcnt  manner.  Part  of  the  water 
chaiiLif*  t-i  st.-am  as  the  piston  rises,  but  there  is  no  change 
in  the  ]iressiirt-. 

If  the  pressure  on  tlie  piston  is  increased,  it  is  found  that 
the  teiniK-ratviri.'  oi  the  water  must  be  increased  before  steam 
is  formed:  thus,  make  the  pressure  ;(n  pounds  per  square 
inih,  and  we  find  that  no  steam  is  formed  until  the  tempera- 
ture reaehes  iMt.lW  At  this  temperature,  it  is  also  found 
ihat    no    clian^;e    in    the   volume    of    the   steam    affects    its 

We  have  Ira  nud  lli;it  I  lie  ]>ressurei'f  a  perfect  gas  depends 
oil  ils  lenipi-ralure  :iu<\  volume;  the  nliofe  experiments, 
however,  show  that  the  pressure  of  steam  in  contact  with 
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water  is  independent  of  the  volume,  but  depends  entirely  on 
the  temperature;  if  there  is  no  change  in  temperature,  the 
only  effect  of  a  change  in  volume  is  to  change  the  quantity 
of  steam. 

Steam  in  contact  with  water  is  called  saturated  steam. 
If  not  in  contact  with  water,  steam  is  still  saturated  if  its 
temperature  is  the  same  as  that  at  which  water  boils  when 
subjected  to  the  same  pressure. 

The  conditions  of  saturation  apply  as  well  to  all  other 
vapors  as  to  steam;  any  vapor  in  contact  with  the  liquid 
from  which  it  is  formed  is  saturated^  and  for  a  given  tem- 
perature, can  have  but  one  pressure. 

1192.  Suppose,  now,  that  just  enough  heat  is  applied 
to  change  all  the  water  into  steam,  as  in  (r),  Fig.  235. 
Up  to  the  point  where  the  last  drop  of  water  is  evaporated, 
the  steam  is  saturated^  and  at  the  pressure  of  14.69  pounds 
per  square  inch,  the  temperature  remains  at  212"^.  After 
the  last  drop  of  water  is  evaporated,  there  is  a  change 
in  the  effect  produced  when  heat  is  applied.  Both  the  tem- 
perature and  volume  of  the  steam  now  increase,  and  in 
many  respects  its  properties  resemble  those  of  a  perfect 
gas.  Steam  in  this  condition  is  said  to  be  superheated. 
The  specific  heat  of  superheated  steam  under  constant 
pressure  is  .48. 

1193.  To  raise  each  pound  of  the  water  from  32°  to 
212°  required  the  expenditure  of  180.531  B.  T.  U.  If  the 
specific  heat  of  water  were  1  at  all  temperatures,  the  heat 
required  would  have  been  212  —  32  =  180  B.  T.  U.,  but  at 
high  temperatures  the  specific  heat  of  water  is  a  little 
greater  than  1,  consequently  a  little  more  than  180  B.  T.  U. 
are  required. 

The  work  expended  in  raising  1  pound  of  water  from  32° 
to  212°  may  be  found  by  multiplying  the  number  of  heat 
units  required  by  778,  the  mechanical  equivalent  of  heat;  it 
is  therefore  180.531  X  778  =  140,453.12  foot-pounds. 

To  change  each  pound  of  water  at  212°  to  steam  at  212° 
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requires  the  expenditure  of  966.069  B.  T.  U.,  or  966.069  X 
778  =  751,601.68  foot-pounds  of  work. 

Part  of  this  work  was  spent  in  lifting  the  piston  against 
the  atmospheric  pressure,  and  part  in  overcoming  molecular 
forces.  The  former  is  called  outer  or  external  'work  ; 
the  latter.  Inner  or  Internal  'work. 

The  outer  work  may  be  calculated  as  follows:  At  th© 
beginning  of  the  operation  the  piston  was  1  inch  from  the 
bottom  of  the  cylinder;  when  all  the  water  had  been  changed 
to  steam,  the  piston  was  1,C46  inches  above  the  bottom. 
It  had  therefore  been  raised  1,646  —  1  =  1,645  inches 
=  137,^y  feet,  against  a  constant  pressure  of  1,469  pounds, 
and  the  work  done  was  1,469  X  137^  =- 201,375.417  foot- 
pounds, of  which  all  but  the  very  small  portion  represented 
by  the  expansion  of  the  water  when  heated  from  32° 
to  212*^  was  developed  during  the  formation  of  the  steam. 
At  a  temperature  of  32°,  100  cubic  inches  of  water  weigh 
3.6121  pounds;  hence,  the  external  work  per  pound  of  water 
was  201,375.417  -f-  3.G121  =  55,750.2  foot-pounds.  The  total 
work  of  changing  1  pound  of  water  to  steam  at  212°  was 
751, 001. (;8  foot-pounds;  of  this,  nearly  55,750.2  foot-pounds 
W(*r('  spent  in  external  work,  leaving  751,601.68  —  55,750.2  = 
Oil'), 851.48  foot-pounds  as  the  internal  work. 

1  1  94.  Let  the  experiment  be  tried  again  with  tne  same 
amount  of  water  in  the  cylinder,  hut  with  a  weight  on  the 
piston  in  addition  to  the  atmospheric  pressure.  Let  the 
|)ressure  be  say  ''Vi  i)ounds  i)er  square  inch,  the  total  pres- 
sure; being  :\2  X  100  =  3,200  pounds.  It  will  now  be  found 
that  steam  does  not  begin  to  form  until  the  temperature  has 
r(*a(^hed  ^T)!"  V.  This  is  easily  accounted  for,  since  the 
vibrations  of  the  mc^lecules  of  the  water  would  necessarily 
have  to  be  more  rapid,  that  is,  the  temperature  would  have 
to  \)r,  hi^lier,  in  order  to  overcome  the  increased  pressure 
on  the  piston. 

It  will  now  re(iuire  223.021  B.  T.  U.  =  173,510.34  foot- 
I)ounds  to  raise  I  pound  of  the  water  from  32°  to 254°.  It 
will   require   1)30.381)   B.  T.  U.  =728.510,64  foot-pounds  to 
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l<  change  one  pound  of  the  water  at  254°  into  steam  of  the 
I  same  fmperature.  When  the  water  is  all  evaporated,  the 
I  piston  will  be  found  at  a  height  of  791.8  inches  from  the 
bottom  of  the  cylinder.  It  has  been  raised  by  the  steam  to 
I  a  height  of  791.8  —  1  =  790.8  inches  =  05.9  feet,  against  a 
i  constant  pressure  of  3,200  pounds.  The  total  outer  work 
'  is,  therefore,  G5.9  X  3,200=  210,880 foot-pounds.  Theouter 
210,880 
3.(il21  ' 

[  The  inner  work  is  728,510.04  —  58,381.55  =  870,129.09  foot- 
I  pounds. 

119S.  It  is  thus  apparent  that  changing  the  pressure 
on  the  piston  has  changed  all  the  other  conditions — the  tem- 
perature, the  volume,  the  inner  and  outer  works,  and  the 
heat  required  to  raise  the  water  from  32°  to  the  boiling  point. 

The  relations  between  these  various  properties  of  steam 
I  can  not  be  expressed  by  any  general  law.  They  have  been 
determined  experimentally,  however,  and,  taken  together, 
form  what  are  known  as  the  steam  tables. 
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1196>     It  has   been    shown   that    the   temperature  of 
'  saturated  steam  depends  oa/f  upon  the  pressure,  and  not  at 
all  upon  the  volume  or  any  other  property  of  the  steam; 
conversely,  the  pressure  depends  upon  the  temperature. 

If  the  steam  in  a  boiler  shows  a  certain  pressure  by  the 

gauge,  we  know  that  it  can  only  have  one  temperature.     In 

fact,  it  would  be  possible,  though,  perhaps,  not  convenient, 

to  determine  the  pressure  of  steam  from  the  reading  of  a 

^H    thermometer  inserted  into  it.     At  the  atmospheric  pressure 

^H  of  14.69  pounds  per  square  inch,  saturated  steam  always  has 

^B  a  temperature  of  212°  F. ;  at  a  pressure  of  79  pounds  per 

^H  square  inch  above  vacuum,  steam  can  have  only  a  temper- 

H  ature  of  311°  F. 
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1 1 97*  The  temperatures  of  saturated  steam  correspond- 
ing to  the  different  pressures  have  been  experimentally 
determined  with  great  care  and  accuracy  by  the  French 
physicist,  Regnault,  and  are  given  in  the  Table  of  the 
Properties  of  Saturated  Steam.  Column  1  of  the  steam 
table  contains  the  pressures  from  1  to  SOO  pounds  per  square 
inch,  and  column  3  contains  the  corresponding  temperatures. 

A  large  number  of  formulas  have  been  devised  to  express 
the  relation  between  the  pressure  and  temperature  of  satu- 
rated steam.  The  following  by  Ranldne  is  probably  as 
accurate  and  convenient  as  any: 

Let  /  =  temperature,  Fahrenheit; 

T  =  absolute  temperature  =  /  +  460** ; 
/  =  absolute  pressure  (pressure  above  vacuum)  in 
pounds  per  square  inch. 

mu        1      ^      a^iMVM       2,719.78       400,215  ,^^^ . 

Then,  log  /  =  6. 1007 —y J^ — •  (SO.) 

Example.— Find  the  pressure  corresponding  to  988.8*  R, 
Solution.— 7^=  285.8  +  460  =  745.8*. 

Log/ =  6.1007- -^jg^g __=:  1.78487. 

The  number  corresponding  to  this  logarithm  is  54.246. 
Hence,  the  pressure  is  54.246  lb.  per  sq.  in.  The  table 
gives  64  lb. 


BXAMPL.BS  FOR  PRACTICB. 

1.  The  temperature  of  steam  being  224°,  what  is  the  pressure  ? 

Ans.  18^557  lb.  per  sq.  in. 

2.  Find  the  pressure  in  the  last  example  by  using  formula  OO. 

Ans.  18.574  lb.  per  sq.  in. 

3.  Find  the  pressure  corresponding  to  a  temperature  of  812**,  (a) 
by  means  of  the  steam  tables;  ij?)  by  formula  90. 

Ans.  \  ('')  ^^^^^  !*>•  per  sq.  in. 
\  \b)  80.566  lb.  per  sq.  in. 

4.  The  pressure  being  105  pounds  absolute,  {a)  find  the  temperature 
by  formula  90 ;  {p)  what  is  the  difference  between  the  above  result 
and  the  value  given  in  the  tables  ?  *j-  \  (a)  880.756*. 

<  (*)  •418*. 
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5.     Assuming  that  there  has  been  no  heat  added  or  taken  away, 

rh3t  is  the  difference  in  pressure  due  to  a  fall  of  temperature  from 

81.7'  to  259'  f  Ans.  15.764  lb.  per  sq.  in. 

Note. — All   examples  under  the  heading  Examples  for  Pracluf 

should  be  worked  out  by  the  student.     The  etudent  should  solve  them 

cases  before  proceeding  further. 


1198.  Heat  of  the  LiQuid.— Column  3  of  the  table 
gives  the  heat  required  lo  raise  om  pound  of  water  from 
32°  F.  to  the  temperature  given  in  column  2.  It  will  be 
observed  that  it  is  nearly  the  same  as  the  diiferencc  between 
the  given  temperature  and  32°.  For  instance,  the  heat  of 
the  liquid  corresponding  to  a  pressure  of  60  pounds,  and  a 
temperature  of  292.575°,  is  202.248  B.  T.  U.  The  difference 
in  temperatures  is  292. 576°— 32°  =  2(10.575''.  In  many  steam 
tables  this  column  is  left  out,  and  the  heat  of  the  liquid  is 
found  for  any  temperature  by  subtracting  32°  from  the 
temperature.  This  method  is  usually  exact  enough  for 
practical  purposes.  The  heat  required  to  raise  the  temper- 
ature of  a  pound  of  water  from  3'^°  to  the  boiling  point  is 
called  the  heat  of  the  liquid. 

The  results  of  column  3  have  been  determined  experi- 
mentally. 

1199.  The   total    heat   of   vaporlzatloa   for   any 

given  temperature  is  the  number  of  heat  units  required  to 
raise  a  pound  of  water  from  32°  F.  to  the  .given  temper- 
ature, and  change  it  into  steam  at  that  temperature.  In 
the  first  experiment,  shown  in  Fig.  235,  the  total  heat  of 
vaporization  was  the  total  heat  applied  to  the  cylinder  from 
the  beginning  of  the  experiment  until  the  water  was  all 
turned  into  steam.  It  is  the  sum  of  the  heat  of  the  liquid, 
the  internal  work,  and  the  external  work. 

Referring  back  to  the  first  experiment,  the  heat  of  the 
I  liquid  was  found  to  be  180.531  B.  T.  U.  per  pound,  or, 
I  expressed  in  units  of  work,  140,453.12  foot-pounds.  The 
I  heat  used  to  perform  outer  work  was  found  to  be  equiv- 
[  alent  to  55,750.2  foot-pounds,  and  that  used  in  performing 
inner  work  was  equivalent  to  G05.S51.48  foot-pounds.     The 
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total  heat  of  vaporization,  then,  is  equivalent  to  the  sum 
of  all  these  works,  or  to  140,453.12  +  55,750.02  +  695,851.48 
=  892,054.8   foot-pounds,  or,   expressed  in   thermal   units, 

— l^         =  1,146.6  B.  T.  U.,  the  same  as  given  in  the  steam 

4  t  O 

table. 

In  the  second  experiment,  the  work  equivalent  to  the 
heat  of  the  liquid  was  173,510.34  foot-pounds,  the  outer 
work  58,381.55  foot-pounds,  and  the  inner  work  670,129.09 
foot-pounds.  The  total  heat  of  vaporization  (expressed  in 
foot-pounds)  is,  therefore, 
58,381.55-f  173,510.34 +670,129.09  =  902,020. 98  foot-pounds, 

902,020.98  ,    .^^    ,.     Tj      rp      TT  A 

^^ 7r?r3 =  1,159.41  B.  T.  U.  per  pound. 

t  to 

1200.  The  total  heat  of  vaporization  has  also  been 
experimentally  determined  by  Regnault  for  all  pressures 
and  temperatures.  The  following  formula  expresses  the 
results  of  the  experiments  very  closely: 

//=  1,081. 94 +.305  /,  (91.) 

in  which  //  is  the  total  heat  of  vaporization,  expressed  in 
heat  units,  and  /  the  temperature  in  degrees  F. 

Example. — What  is  the  total  heat  of  a  pound  of  steam  when  the 
absolute  pressure  is  50  ix)unds  per  square  inch  ? 

Solution. — Looking  in  column  2,  the  temperature  corresponding  to 
a  pressure  of  50  pounds  is  280.904°  F.    Substitutmg  this  in  formula  91, 

//=  1,081.94  4-  .305  X  280.904*'  =  1,167.615  B.  T.  U.    Ans. 

The  total  licat  of  vaporization  is  given  in  column  5 

of  the  steam  table. 

1201.  I^atcnt  Heat  of  Vaporization.  — In  the  first 
experiment  it  was  found  that  a  certain  number  of  B.  T.  U.'s 
were  required  to  raise  a  pound  of  water  from  32°  to  the 
temperature  of  the  boilinj^  point,  and  that  another  quantity 
of  heat  was  recpiired  to  change  the  water  at  boiling  point 
into  steam  at  the  same  temperature.  The  former  of  these 
{piantilies  of  heat  we  called  the  heat  of  the  liquid;  the  latter 
is  tlie  latent  lieat  of  vaporization,  or  simply  the  latent 
lieat  of  steam.      The  heat  required  for  both  of  the  above 
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operations  was  defined  as  the  total  beat.  Therefore, 
letting  H  represent  the  total  heat,  q  the  heat  of  the  liquid, 
and  r  the  latent  heat  of  vaporization,  we  have  the  following 
equation : 

Therefore,  r^H—q. 

Hence,  to  find  the  latent  heat  of  vaporization,  subtract 

the  heat  of  the  liquid  from  the  total  heat.     The  latent  heat 

is  given  in  column  4  of  the  table,  and  is  obtained  by  simply 

subtracting  the  numbers  in  column  3  from  those  in  column  5. 


BXAMPL.BS  FOR  PRACTICB. 

1.  What  is  the  total  heat  of  25  pounds  of  saturated  steam  having  a 
temperature  of  840**  ?  Ans.  29,640.d75  B.  T.  U. 

2.  What  is  the  total  heat  of  a  pound  of  steam  at  a  pressure  of  90 
pounds  gauge  ?  Ans.  1.182.88  B.  T.  U. 

3.  Solve  both  of  the  above  problems  by  means  of  formula  91. 

(       29,641  B.  T.  U. 
^^'  \  1,182.882  B.  T.  U. 
4     What  is  the  latent  heat  of  vaporization  corresponding  to  a  pres- 
sure of  85  pounds  absolute  ?  Ans.  892.086  B.  T.  U. 

5.  Find  the  heat  of  the  liquid  of  10  pounds  of  water  at  a  tempera- 
ture of  297. 6^  Ans.  2.673.77  B.  T.  U, 

6.  What  is  the  latent  heat  of  vaporization  of  the  water  in  example  5  ? 

Ans.  9,053.31  B.T.U.. 

1202.  The  specific  volume  of  saturated  steam  has 
been  determined  both  experimentally  and  by  complicated 
mathematical  formulas.  Column  7  of  the  table  gives  the 
volume  in  cubic  feet  of  a  pound  of  steam  at  the  different 
pressures,  aad  column  8  the  ratio  between  the  volume  of  a 
pound  of  steam  at  the  temperature  in  column  2  and  a  pound 
of  water  at  maximum  density. 

1 203«  The  results  in  column  7  may  be  found  approxi- 
mately by  Rankine's  formula: 

/  F**  =  475,         (92.) 
in  which  /  is  the  pressure  in  pounds  per  square  inch,  and  V 
is  the  volume  in  cubic  feet  of  a  pound  of  steam  at  the  given 
pressure. 
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fi*/:^  tV3fc.v.  •-*»:.".;?  i  ?:*^^  pryag=re  oc  1*!  ;>DCZMi&.    Ans.  4Sl4!  co.  ft. 
5:      -v^;  ^-r  f-^  iV.  r*:  ^L^rr.yjt  'jr  i'jr=LZ^  92.  Ax».  4Sl3Xcxl  ft. 

Z     'l''.,K   i '.'.:.::.*:  'A  '>  y/zzAs  'A  sar=ra:£d  sccam  is  2S cubic  feet;  \a) 

i,tA  *  '.*:  ;yr«'.  .'T  %v  f','rr  :!.*  Il2  ;    f'   £rid  the  vcigtl  correspooding  to 
«;..'.  ,v'  -   ,''   *r'.::.  •;.*:  ^i '.;*:•_  .^.    i  ' j;  >*.-W5  lb.  per  sq.  in. 

'""^^  '  (f ;  .2M*29  lb.  per  cu.  ft. 

4  ',1  '.i  '".'!  '•-'/.',  f«:':*. '/  w^^TT.  *:ipan«i  until  the  volume  and  pressure 
;»."  ,  1*  .y/*.  ''*\/,  *'t '..'/:',  f*:«:t  a.-.'i  2^  jxr^nds  gauge,  what  was  theorig- 
ir.,i;  ;/,"  :     .r'  .'  Ans.  57.93  lb.  per  sq.  in. 

.*>  '/  /i«:  ^.t'tarri  in  ar;  *:n'^\r,*:  cylinder  has  a  pressure  of  85  pounds 
iC-fi'/f,  itt.'\  .1  '.'Aurti':  of  ].ff  t/rAAc  feet  at  cui-^^ff.  It  expands  to  a  pres- 
i-.nft    I A   \H  j^/iin*^!-,  abv^lule;  what  is  the  final  volume  ?     Use  formula 

il7,  jn  h'^t/i  thi",  ari'l  Uj':  last  example,  remembering  that  if />K^^  =  475, 

//,  /',♦*      47;;  a]»,  and,  consequently,  that/F*'  =  /,  Fi**- 

Ans.  8.0134  cu.  ft 


I  2CM*     Th(*   dcriHlty  of  naturated  steam  (that  is, 

ilir  w«i).'.lit  in  poiiiirjs  of  a  cubic  foot  for  the  different  pres- 
fiiiir  .  .iiid  tiinprrat  iircs)  is  j^ivcii  in  column  G. 

Tin-  ilrir.it y  is  the  reciprocal  of  the  specific  volume.  For 
I  K.impir,  a  jH»un<l  of  si  cam  at  41  pounds  pressure  occupies  a 
vohnuc  of  1).  lo.l  ( u.  ft.  ;  therefore,  one  cubic  foot  of  steam 
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at  44  pounds  pressure  must   weigh      j^q  =  «1063  pound. 

Hence,  the  values  in  column  6  may  be  obtained  by  taking 
the  reciprocals  of  those  in  column  7. 

1 205*  The  above  properties  of  saturated  steam  com- 
pose the  Table  of  the  Properties  of  Saturated  Steam.  Two 
other  properties  are  given  in  some  steam  tables;  viz.,  the 
heat  corresponding  to  the  inner  work,  and  the  heat  corre- 
sponding to  the  outer  work,  the  sum  of  the  two  being  the 
latent  heat  of  vaporization.  As  these  properties  are  not  of 
much  practical  importance,  they  have  been  omitted  from 
the  table. 

It  must  always  be  borne  in  mind  that,  in  using  this  table, 
the  pressures  are  reckoned  from  vacuum,  and  not  from 
atmospheric  pressure.  That  is,  14.7  pounds  must  be  added 
to  all  gauge  pressures  to  make  them  available  for  use  in  the 
steam  table.  Again,  the  heat  of  the  liquid,  the  total  heat, 
and  the  latent  heat  are  calculated  from  32°  F.,  not  0°  F. 
A  great  deal  of  trouble  will  be  saved  by  carefully  remember- 
ing these  points. 


BXAMPI.B8  ON  THB  USB  OF  THB  STBAM  TABI.B. 

1 206*  Example  1. — Find  the  heat  required  to  change  6  pounds 
of  water  at  82°  into  steam  at  84  pounds  pressure  absolute. 

Solution. — The  total  heat  of  one  pound  at  84  pounds  pressure  is, 
from  column  5,  1,178.091  B.  T.  U. 

1,178.091  X  6  =  7,068.546  B.  T.  U.     Ans. 

Example  2. — How  many  heat  units  are  required  to  raise  8^  pounds 
of  water  from  82*  to  250"  F.  ? 

Solution. — Looking  in  column  3,  the  heat  of  the  liquid  of  one 
pound  at  250.298'*  is  219.261  B.  T.  U.  219.261  -  .298  =  218.968  B.  T.  U. 
=  q  for  250". 

Then,  for  8^  pounds,  it  is  218.968  X  8^  =  1,861.228  B.  T.  U.     Ans. 

Example  8. — How  many  foot-pounds  of  work  will  it  require  to 
change  60  pounds  of  water  at  Sll**  F.  into  steam  at  the  same  tempera- 
ture? 
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SoLUTioy. — ^Looking  uiKler  colmnn  4,  the  latent  heat  of  Taporiza 
iicm  is  fm,729;  that  is,  it  takes  80S. 739  R  T.  U.  to  change  ooe  pound 
of  water  at  311^  into  steam  at  the  same  temperature.     Therefore^  it 
Ukes  f9dSi,T*9  X  00  =  53, 74a 74  R  T.  U.  to  perform  the  same  operation 
upon  90  pounds  of  water. 

53,743.74  R  T.  U.  =  41,812.e29.73  foot-pounds.     Ans. 

Example  4. — Find  the  volume  occupied  by  14  pounds  of  steam  at  30 
pounds  gauge  pressure. 

SoLUTiox. — 30  pounds  gauge    pressure  =  30  +  14.7  =  44.7  pounds 

absolute  pressure.     The  nearest  pressure  in  the  table  is  44  pounds,  and 

the  volume  of  a  pound  at  that  pressure  is  9.408  cu.  ft.    The  volume  of 

a  pound  at  46  pounds  pressure  is  9.018  cu.  ft.    9.408  —  9.018  =  .385  cu. 

385 
ft,  the  difference  in  volume  for  a  difference  in  pressure  of  2  lb.     .-5- 

=  .1925  cu.  ft,  the  difference  in  volume  for  a  difference  in  pressure  of 
1  pound.  .1925  X  -7  =  .135  cu.  ft,  the  difference  in  volume  for  a  differ- 
ence in  pressure  of  .7  pound.  Therefore,  9.403  —  .135  =  9.268  cu.  ft  b 
the  volume  of  one  pound  of  steam  at  44.7  pounds  pressure. 

9.268  X  14  =  129.752  cu.  ft     Ans. 

Example  5. — Find  the  weight  of  40  cubic  feet  of  steam  at  a  temper- 
ature of  254'  F. 

Solution. — The  weight  of  one  cubic  foot  of  steam  at  254.002"*,  from 
the  Uble,  is  .078839  pound.  Neglecting  the  .002%  the  weight  of  40  cu. 
ft.  is,  therefore,  .078839  X  40  =  3.15356  pounds.     Ans. 

ExAMPLB  6. — How  many  p>ounds  of  steam  at  64  pounds  pressure 
abs<^>lute  are  required  to  raise  the  temperature  of  300  pounds  of  water 
from  40'  to  IJM)^  P.,  the  water  and  steam  being  mixed  together? 

Solution. — The  number  of  heat  units  required  to  raise  one  p)ound 
from  40  to  130"  is  130°  -  40^  =  90  B.  T.  U.  (Actually  a  little  more  than 
90  would  be  required,  but  the  above  is  near  enough  for  all  practical 
purposes.)  Then,  to  raise  300  pounds  from  40**  to  130**  requires  90  X  300 
=  27.(KK)  V>.  T.  U.  This  quantity  of  heat  must  necessarily  come  from 
the  steam.  Now,  one  pound  of  steam  at  64  p>ounds  pressure  gives  up, 
in  condensing,  its  latent  heat  of  vajx)rization,  or  905.9  B.  T.  U. ;  but,  in 
addition  to  its  latent  heat,  each  jwund  of  steam  on  condensing  must 
give  up  an  additional  amount  of  heat  in  falling  to  130".  Since  the 
orij^inal  temperature  of  the  steam  was  296.805'  F.  (see  table),  each 
lM)un(l  gives  up  by  its  fall  of  temperature  296.805  —  130  =  166.805 
B.  T.  U.     Consequently,  each  pound  of  the  steam  gives  up  a  total  of 

905.9  +  166.805  =  1,072.705  B.  T.  U. 

It  will,  therefore,  take     ""  '  =  25.17  pounds  of  steam  to  accom- 

pllsh  the  desired  result. 
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BX  AM  PLCS  FOR  PRACTICE. 

1.  How  maiiy  foot-pounds  of  work  are  required  to  change  42  pounds 
of  water  at  319°  into  steam  at  a  temperature  of  830"  ? 

Ans.  29.180,679,8  (l.-lb. 

2.  How  many  B.  T.  U.  are  required  to  convert  ai  pounds  of  water 
at  33°  into  lOO.B  cubic  feet  of  steam  ?  Ans.  2»,541.1,'i  B.  T.  U. 

3.  Find  the  number  of  heat  units  required  to  change  11  pounds  of 
water  at  50°  into  steam  at  100  pounds  absolute  pressure. 

Ans.  12,802.l)3«  B.  T.  U. 
Find  the  weight  of  712  cubic  feet  uf  steam  at  a  pressure  of  33 


pounds  gauge. 

5.     How  many  cubic  feet  of  steam  a 
are  required  to  raise  130  pounds  of  wa 

pheric  pressure  ? 

fl.     Find  the  volume  of  10  pounds  of  s 


Ans,  81.712  lb. 
,3  pounds  pressure,  gauge, 

from  55'  to  100°  at  atmos- 

Ans.  83.369  cu.  ft. 

n  at  a  temperature  of  274°. 

Ans.  175.883  cu.  ft. 


1207.  The  crude  apparatus  used  in  the  first  experi- 
ment above  described  {the  cylinder  containing  the  water 
and  the  piston,  surrounded  by  fire)  constitutes  the  simplest 
form  of  a  steam  engine.  By  means  of  it,  heat  may  be 
transformed  into  work.  It  is  certainly  a  very  poor  and 
inconvenient  form  of  engine,  since  the  only  work  it  can  do 
is  that  of  raising  weights;  and,  again,  the  fire  must  be  suc- 
cessively removed  and  renewed  every  time  a  weight  is 
lifted. 

It  will  be  seen  that  this  engine  consists  of  four  essential 
elements;  viz.:  the  fire,  or  source  of  heat;  the  water,  or 
medium  for  the  transfer  of  heat ;  the  cylinder,  with  a  piston 
to  prevent  the  steam  from  escaping  into  the  air,  and  a 
source  of  cold.  Nearly  all  engines  in  actual  operation 
consist  of  the  above  four  elements,  more  advantageously 
arranged.  In  the  actual  engine,  the  fire  is  not  in  contact 
with  the  cylinder,  but  the  steam  is  generated  in  a  separate 
vessel  known  as  the  boiler.  Again,  the  cylinder  is  of  a 
fixed  length,  and  the  steam  usually  acts  on  both  sides  of  the 
piston,  instead  of  on  one  side. 

This  improvement  of  the  actual  engine  over  the  simple 
apparatus  of  the  first  experiment  leads  to  the  consideration 
of  some  further  essential  characteristics  of  steam. 
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dia^am  represent  a  pressure  of  30  pounds.  Then,  the 
length  0  A,  which  represents  the  steam  pressure  in  ques- 
tion, must  have  a  length  0^-577  =  2  inches;  and,  since  the 

pressure  is  constant  for  all  positions  of  the  piston,  the 
lengths  1-1',  S-S",  S-S",  .J-^',  etc.,  must  all  be  equal  to  3 
inches.  In  other  words,  the  line  of  pressures  A  B  must  be 
parallel  to  the  line  O  X.  It  was  obser\-ed  above  that  the 
temperature  of  the  steam  is  also  constant  throughout  the 
stroke  of  the  piston.  Hence,  the  above  line  A  B  '\^  the 
isothermal  (constant  temperature  line)  of  saturated  steam. 
Hence,  it  follows  that  the  isothermal  of  saturated  steam  is  a 
Straight  line  parallel  to  the  axis  of  volumes  O  X. 

1211.  The  pressure   O  A   on  the  left  of  the  piston  is 

taken  from  vacuum.     There  is  also  a  pressure  on  the  right 

of  the  piston  of  14.7  pounds  per  square  inch,  since  the  right 

end  of  the  cylinder  is  open  to  the  atmosphere.     Let  this  be 

14  7 
represented  by  the  height  O  D=  — ^  =  .49  in.     Since  this 

atmospheric  pressure  is  constant  throughout  the  stroke  of 
the  piston,  it  may  be  represented  by  the  straight  line  D  C 
parallel  to  O  X.  The  net  pressure  on  the  piston  is  then 
represented  by 

OA  —  OD  =  DA^m  —  14.7  =45.3  lb.  per  sq.  in. 

The  work  done  by  the  steam  during  one  stroke  of  the 
piston  may  now  be  easily  found. 

There  is  a  constant  net  pressure  throughout  the  stroke  of 
45.31b.  persq.  in.  =45.3  X  144  =  6,543.3  lb.  per  sq.  ft.  The 
total  pressure  on  the  piston  is,  therefore,  0,523.3x2  = 
13,04ti.4  lb.  Work  is  defined  as  pressure,  force,  or  resist- 
ance, multiplied  by  the  distance  through  which  it  acts. 
Consequently,  the  work  spent  in  moving  the  piston  from  one 
end  of  the  cylinder  to  the  other,  a  distance  of  C  feet,  is 
13,04(1.4  X  6  =  78,278.4  foot-pounds. 

1212.  For  our  purpose,  the  work  may  be  obtained  in  a 
more  convenient  way.  As  shown  above,  the  pressure  on  the 
piston  per  square  foot  is  0,523.2  pounds.     The  volume  of  the 
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l-Cylinder  —  area  x  length  —  2  sq.  ft.  X  C  ft.  =  13   cu.   ft. 
1  Now,  multiplying  the  pressure  in  pounds  per  square  foot  by 
i  the   volume   of    the   cylinder  in   cubic   feet,    the   result   is 
3,523.3  X  12  —  78,278.4  foot-pounds,  as  before. 
Let/*  =  the  pressure  on  the  piston  in  lb.  per  sq.  ft. ; 
/  =  pressure  on  piston  in  lb.  per  sq.  in. ; 
y  =  volume  in  cubic  feet  swept  through  by  the  piston ; 
tf  jp  work  in  foot-pounds. 
Then,  IV=  P  V=  144/  V.         (93.) 

Referring  to  Fig.  2:i7,  it  will  be  remembered  that  the  line 
D  A  represents  the  pressure  /,  and  the  line  D  C  represents 
the  volume  V.  .  The  product  D  A  y.  D  C  =  area  of  the 
rectangle  A  B  C  D.  But  A  Dx  D  C  =  />  K  Therefore, 
the  area  of  the  rectangle  is  proportional  to  the  work  of  the 
steam. 

DA=~-  =  \.hl  inches.  DC=2  inches.  Then,  the 
area  A  5  C  i?=  1.61  X  2  =  3.03  sq.  in.  But  1  inch  in 
height  =  30  lb.  per  sq.  in.,  and  one  inch  in  length  —  =  6  cu. 

'  ft.      Hence,  p  V=  3.02  x  30  X  6  =  543.6  foot-pounds,  and 
W=  144/  V=  543.6  X  144=  78,278.4  foot-pounds. 


1213.  In  the  same  way  it  can  be  shown  that,  no  matter 
what  the  form  of  the  area  A  BC  D  may  be,  it  will  represent 
the  work  done  by  the  steam,  provided  the  upper  line  A  B 

'  represents  the  relation  between  the  pressures  and  volumes 
of  the  steam  on  one  side  of  the  piston,  and  the  lower  line 
C  D  represents  the  relation  between  the  pressures  and  vol- 
umes on  the  other  side.  For,  as  shown  in  Art.  1 158,  the 
area  is  equal  to  the  length  of  the  diagram  muUiplied  by  the 
mean  ordinate,  and  the  mean  ordinate  simply  represents 
the  average  net  pressure  on  one  side  of  the  piston. 

Hence,  in  general,  to  find  the  work  of  the  steam  from  the 
diagram,  multiply  the  ana  in  square  inches  by  the  vertical 
scale  of  pressures,  by  the  horizontal  scale  of  volumes,  and  by 

I  IJfJt.      The  result  is  the  work  in  foot-pounds. 
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Ejumplc— The  area  of  a  diagram  of  the  character  shown  in  F^. 
887  is  7.84  aq.  in.  The  Tcrtical  scale  of  preHorca  is  M  pounds  to  the 
inch,  and  the  faoriscntal  scale  of  ▼olumes  Is  S^  en.  ft.  to  the  inclL  What 
is  tlie  work  of  the  steam  per  stroke  of  piston  7 

SoLBTioM.— Work  =  7.H  X  M  X  >(  X 144  =  W,19aL4  fL-Ibt 
1214.  Suppose  now  that  the  left  end  of  the  cylinder  is 
shut  off  from  the  boiler  just  as  the  piston  in  Fig.  337  has 
completed  i  of  the  stroke — that  is,  when  it  is  just  S  feet 
from  the  left  end  of  the  cylinder.  The  pressure  on  the  left  of 
the  piston,  as  in  Fig.  937,  will  be  constant  so  long  as  the 
cylinder  is  in  communication  with  the  boiler — that  is  during 


\  1 


gj^/^- 


the  first  3  feet  of  the  stroke.  Therefore,  the  pressure  line 
for  the  first  i  of  the  diagram  will  be  a  straight  line  A  B 

parallel  tn  O  X  (see  Fig.  2:!8),  and,  as  before,  "sj;  =  *  inches 

above  it.  At  this  puint  the  steam  supply  is  shut  off,  and 
tht;  4  cubic  feet  of  steam  in  the  cylinder  must  expand  as  the 
pisttiii  moves  along,  until  it  fills  the  entire  volume  of  the 
cylinder.  Its  pressure,  then,  must  fall  somewhat  after  the 
manner  of  a  perfect  gas.  This  fall  in  pressure  is  graphi- 
cally rcpresente<l  by  the  curved  line  B  E.  Assuming  for  the 
moment  that  the  curve  is  the  tquilateral  kyptrbola  (see  Art. 
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1 161),  the  work  may  be  calculated  as  follows:  The  height 
of  Fig.  238  is  2  inches ;  the  length  A  B  is  ^  inch.  There- 
fore, the  area  A  B  t  0  =  2xi=  1.3333  sq.  in. 

1215*  The  area  B  E  e  b  may  be  found  by  the  following 
formula,  in  which 

A  =  area  of  diagram  in  square  inches; 

p^  =  initial  pressure  (as  O  A)  measured  in  inches; 

V^  =  volume  at  cut-off,  measured  in  inches. 

^  =  2. 3026  X  /,  F,  log  ^  (94.) 

=  2.3026  X  i  X  2  X  log-  =  1.4648  sq.  in. 

Then,  area  ABEeO  =  1.3333  +  1.4648  =  2.7981  sq.  in. 
t?  Z>  =  .49  in.     Area  C  Z>  t?  ^  =  .49  X  2  =  .98  sq.  in. 
Area  A  B  ECD^A  B  Ee  0-C  D  6^^=2.7981- 
.98  =  1.8181  sq.  in. 

Then,  Z  =  144  rtr  //  A^,         (95.) 
in  which,  L  =  work  in  foot-pounds ; 

a  =  net  area  of  diagram  {sls  A  B  E  C  D); 
A  =  scale  used  to  lay  off  pressures ; 
//j  =  scale  used  to  lay  off  volumes,  the  vol- 
umes being  always  expressed  in  cubic  feet,  and  the  pres- 
sures in  pounds  per  square  inch. 
In  the  above  diagram 
L  =  1.8181  X  30  X  6  X  144  =  47,125.15  ft. -lb. 

The  work  done  in  the  first  case  was  78, 278. 4  ft. -lb. ;  so  by 
shutting  off  the  steam  at  J  of  the  stroke  the  work  of  the 
steam  has  been  decreased  by  78, 278. 4—  47,125.15  =  31,153.25 
ft. -lb.  But,  in  the  first  case,  12  cu.  ft.  of  steam  at  boiler 
pressure  were  used,  while,  in  the  last  case,  only  4  cu.  ft. 
were  used;  hence,  the  work  per  cubic  foot  of  steam  was,  in 

the  first  case,  — '  =  0,523.2  ft. -lb.,  and,  in  the  second 

12 

case, — *        — =  11,781.29  ft.-lb.,  or  nearly  twice  as  much. 

This  shows  the  economy  of  cutting  off  the  steam  early  in 
the  stroke  and  allowing  it  to  expand. 
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EXAMPLES  FOR  PRACTICB. 

1.  The  mean  ordinate  of  a  diagram,  similar  to  that  shown  in  Pig. 
238.  is  1.2  inches  long.  The  vertical  scale  of  pressures  is  1'  =  40  lb.  per 
sq.  in.,  and  the  horizontal  scale  of  distances  is  1'  =  10*.  The  length  of 
the  diagram  is  3',  and  1  ft.  of  actual  length  of  the  vessel  which  contains 
the  steam  represents  a  volume  of  452  cu.  in.  What  is  the  work  done  in 
one  stroke  of  the  piston  ?  Ans.  4,520  ft -lb. 

2.  The  mean  pressure  in  the  cylinder  of  a  steam  engine  is  38. 7  lb. 
per  sq.  in. ;  the  diameter  of  the  cylinder,  26' ;  the  stroke,  32',  and  num- 
ber of  strokes  per  minute,  120.  Find  the  horsepower  by  means  of 
formula  93.  An&  190.244  H.  P. 

3.  The  mean  ordinate  of  a  diagram  is  .80*;  the  length,  3.2';  the 
vertical  scale  of  pressure,  1'  =  50  lb.  per  sq.  in. ;  the  horizontal  scale  of 
volumes,  1'  (diagram)  =  .56  cu.  ft.     Find  the  work  done  in  12  strokes. 

Ans.  137,707.6  ft -lb. 

1216.  The  Expansion  Line. — ^The  character  of  the 
expansion  curve  B  E^  Fig.  238,  depends  upon  a  variety  of 
circumstances.  Suppose,  first,  that  the  steam  expands 
without  any  condensation.  The  equation  representing  the 
relation  between  the  pressures  and  volumes  will  then  be 

p  V^i  =  some  constant. 
When  the  quantity  of  the  expanding  steam  is  one  pound, 
the  constant  is  475,  and  the  equation  becomes 

/  FH  =  475, 
which  has  already  been  given.  The  curve  may  be  plotted 
by  laying  off  the  volumes,  taken  from  column  7  of  the 
steam  table,  along  the  line  O  X,  and  the  corresponding 
pressures  from  column  1,  along  the  line  O  Y.  It  will  now 
be  necessa'-y  to  determine  the  conditions  under  which  the 
steam  will  follow  the  above  expansion  line. 

1217.  Suppose  that  one  pound  of  steam  at  60  pounds 
pressure  (absolute)  be  confined  in  a  non-conducting  cylin- 
der. Its  volume,  .according  to  the  table,  is  7.024  cubic  feet. 
Let  the  f)ound  of  steam  expand  until  the  pressure  reaches 
54  pounds  absolute;  the  volume,  then,  is  7.756.  It  may  be 
assumed  with  little  error  that  the  portion  a  b^  Fig.  239,  of 
the  expansion  line,  which  represents  the  drop  of  pressure 
from  GO  to  54  pounds,  is  straight.     The  average  pressure  is, 

.         00  +  54       _  , 

then, =  o7  pounds. 
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The  volume  ^r  is  7.756  -  7.024  =  .732  cu.  ft. 

The  work  =  144/  V=  144  X  57  X  .732  =  6,008.256  ft. -lb. 

The  total  heat  of  the  steam  at  60  pounds  pressure  is 
1,171.176  B.  T.  U.  per  pound,  and  at  54  pounds  pressure, 
1,169.102  B.  T.  U.  per  pound.  Hence,  the  pound  of  steam 
during  its  expansion  gives  up  1,171.176  —  1,169.102  =  2.074 
B.  T.  U.  =  1,613.572  foot-pounds. 

1218.  The  work  done  by  the  expanding  steam  is 
6,008.256  foot-pounds,  while  the  work  given  up  by  the  steam 
during  its  expansion  is  only  1,613.572  foot-pounds,  or  a  little 
over  i  as  much.     It  is  evident  that  the  work  could  not  have 


Fl(3.  a39. 

been  done  by  the  expansion  of  the  steam  alone.  There  re- 
mains 6,008.256  —  1,013.572  =  4,394.684  foot-pounds  of  work 
that  must  have  been  obtained  in  some  other  manner.  The 
cylinder  is  non-conducting,  so  no  heat  could  have  been  ob- 
tained from  without.  The  ofi/jy  way  in  which  this  extni 
amount  of  work  can  be  accounted  for  is  to  suppose  that  a 
small  amount  of  steam  is  condensed  while  expanding,  and 
thus  gave  up  its  latent  heat  of  vaporization.  4,394.684  foot- 
pounds =5. 649  B.  T.  U.  The  average  pressure  was  57 
pounds,  and  the  latent  heat  of  steam  at  that  pressure  is 
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5  649 
911.304  B.  T.  U.     Hence,  —f——=  .(X)62  of  the  pound  of 

"11.  ou4 

steam  must  have  condensed  to  furnish  the  extra  4,394.6^4 

foot-pounds  of  work.     We  thus  arrive  at  the  conclusion  that 

saturated  steam  expanding  in  a  noti-conducting  cylinder  must 

of  necessity  cofidense  somewhat. 

In  the  same  manner  it  can  be  shown  that,  if  saturated 

steam  be  compressed  in  a  non-conducting  cylinder,  it  must 

become  superheated. 

1219.  It  is  thus  apparent  that  steam  in  a  non-conduct- 
ing cylinder  cannot  expand  according  to  Rankine's  formula 
p  yii  =  a  constant.  The  curve  is  really  the  adiabatic  for 
steam,  and  is  usually  represented  by  the  formula, 

/  V^  =  a  constant. 
The  cylinder  of  the  actual  engine  is  never  perfectly  non- 
conducting.    In  fact,  it  is  made  of  cast  iron,  which  is  a  very 
good  conductor  of  heat.     This  fact  leads  to  great  complica- 
tion in  the  study  of  the  action  of  the  steam  in  the  cylinder. 

1 220*  Suppose,  first,  that  the  cylinder  be  simply  exposed 
to  the  atmosphere — that  is,  it  is  not  covered  with  any  non- 
conducting material.  The  steam,  entering  one  end  of  the 
cylinder  with  a  pressure  of  say  80  pounds  absolute,  has  a 
temperature  of  about  312°.  As  it  meets  the  cold  cylinder 
walls,  it  will  raise  them  to  312°,  nearly;  but,  at  the  same 
time,  the  steam,  meeting  a  surface  cooler  than  itself,  must 
partially  condense.  At  some  point  near  the  middle  of  the 
stroke,  the  communication  with  the  boiler  will  be  cut  off,  and 
the  steam  will  expand,  the  pressure  lowering  to  say  20 
pounds  absolute,  and  the  temperature,  consequently,  lower- 
ing to  about  228 '.  Therefore,  at  the  end  of  the  stroke,  the 
cylinder  walls  will  be  at  a  temperature  of  about  228°.  The 
fresh  steam  now  enters  the  other  end  of  the  cylinder  with 
a  pressure  of  SO  pounds  and  a  temperature  of  312°,  comes  in 
contact  with  the  cylinder  walls,  and  partially  condenses,  this 
action  being  repeated  at  every  stroke.  In  addition  to  this 
condensation,  due  to  the  alternate  heating  and  cooling  of  the 
cylinder  walls,  there  is  the  condensation  which  must  always 
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accompany  expansion,  even  in  a  non-conducting  cylinder. 
Of  course,  this  condensation  is  almost  a  total  loss,  since  the 
water  can  exert  no  pressure  on  the  piston. 

Some  of  the  condensed  steam,  however,  may  be,  and  gen- 
erally will  be,  evaporated  again  towards  the  end  of  the  stroke. 
Just  before  the  steam  supply  is  cut  off,  the  temperature  of 
the  cylinder  walls  is  312°;  as  the  steam  expands,  it  partially 
condenses  and  its  temperature  falls.  The  temperature  of 
the  cylinder  walls  also  falls,  and  in  doing  so,  gives  up  heat, 
part  of  which  is  radiated  and  lost,  and  part  re-evaporates 
some  of  the  condensed  steam.  As  a  consequence  of  this 
action,  the  real  expansion  line  falls  below  the  theoretical 
line  (/  V^i  =  co7istant)  just  after  cut-off,  but  rises  above  it 
towards  the  end  of  the  stroke. 

1221*  A  very  common  way  of  avoiding  the  loss  due  to 
the  condensation  of  steam  in  the  cylinder  is  to  surround  the 
latter  with  a  steam  Jacket — that  is,  to  keep  the  cylinder 
continually  immersed  in  steam  at  boiler  pressure.  Heat 
is  then  transferred  from  the  steam  outside  the  cvlinder  to 
the  expanding  steam  inside,  and  condensation  is  thus  pre- 
vented, or,  rather,  it  takes  place  in  the  jacket  instead  of  in  the 
cylinder.  The  expansion  curve  in  this  case  approaches  more 
nearly  the  theoretical  curve,  but  usually  rises  a  little  above 
it  towards  the  end  of  the  stroke. 

i 
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1 222*     Fig.  240  shows  the  three  curves  above  considered. 
The  upper  one  is  the   equilateral   ttyperbola,  p  V=a 
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constant ;  the  second  is  the  curve  of  constant  steam 
welffht,/  f'li  =  aconstant,  and  the  third  is  the  adiabatic 
for  &tcam,  /  V^  =  a  constant. 

It  will  be  seen  huw  marked  may  be  the  difference  between 
the  expansion  curves  under  varj-ing  circumstances.  It  is 
usual,  in  practice,  to  assume  that  the  expansion  cur\-e  is  the 
equilateral  hyperbola.  And,  though  it  is  in  no  sense  the 
theoretical  cur\'e,  it  is  generally  nearer  than  the  others,  and 
rather  easier  to  deal  with.  Hence,  in  all  farther  discussions,  it 
will  be  assumed  that  expanding  steam  fallows  the  equilateral 
hyperbola. 


THE  STEAM-ENGINE  MECHANISM. 


THE  FOUH-LINK  SLIDER  CRANK, 
1223.  It  has  been  shown  how  steam  may  do  work  by 
lifting  weights  against  the  pressure  of  the  atmosphere;  since, 
however,  it  is  not  generally  desired  to  do  work  in  this  manner, 
it  is  essential  that  some  method  of  changing  the  to-and-fro 
motion  of  the  piston  into  a  continuous  motion  in  one  direc- 
tion should  be  devised.  The  form  of  mechanism  used  for 
this  purpose  in  practically  all  types  of  engines  is  sho 


Fig.  iW.     It  is  technically  known  as  the  four-link  slider 
crank.     The  steam  from  the  boiler  enters  one  end — say,  in 

this  case,  the  end  //—of  the  cylinder,  and  pushes  the  piston 
to  the  other  end.  By  means  of  another  mechanism,  called 
the  valve,  the  steam  is  now  admitted  to  the  end  e  of  the 
rylinder,  while  the  end  h  is  at  the  same  lime  allowed  t 
communicate   with  the    atmosphere  or  with  a  condenser. 
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The  steam  in  h  escapes,  while  that  in  c  pushes  the  piston 
back  again  to  its  original  position,  whence  the  same  operation 
is  repeated. 

Attached  to  the  piston,  and  forming  a  part  of  it,  is  the 
piston  rod  C  B;  to  the  end  ai  C  B  is  fastened,  by  a  joint, 
one  end  of  the  link  if . 'I.  The  other  end  of  B  A  is  joined  to 
the  Hnk  .-(  O  ;  and  the  other  end  of  A  0  terminates  in  a 
shaft  O,  which  is  fixed  in  stationary  bearings.  It  is  evident 
that  the  end  of  B  A,  which  is  attached  to  C  B,  can  move 
only  in  a  straight  line;  and  since  the  shaft  0  can  rotate 
only  in  its  bearings,  the  end  of  A  O,  which  is  attached  to 
B  A,  can  move  only  in  a  circle. 

When  the  piston  is  at  one  extreme  end  of  the  cylinder, 
say  at  //,  the  joint  A  is  at  the  point  w;,  and  all  three  links, 
A  0,  B  A,  and  C  B,  lie  in  a  straight  line.  As  the  piston 
moves  to  the  right,  the  link  B  C  moves  also  to  the  right, 
while  the  joint  A  is  constrained  to  move  in  the  upper  semi- 
circle m  tt  ;  when  /'arrives  at  the  other  end  of  the  cylinder, 
the  joint  A  is  at  n,  and  again  A  0,  B  A,  and  C  B,  are  in  a 
straight  line.  The  piston  now  moves  back  to  the  end  //  of 
the  cylinder,  the  joint  A  moving  in  the  lower  semicircle 
from  «  to  HI. 

1 224.  The  Hnk  A  O  is  called  the  crank,  B  A  the  con- 
nectlni£-r<td,  and  C  B  the  piston  rod.  Those  parts 
whicli  have  a  to-and-fro  or  reciprocating  motion  are  called 
the  reciprocating  parts. 

The  end  /(  of  the  cylinder  is  called  the  head  end,  and 
c  the  crank  end.  The  distance  passed  through  by  the 
piston  during  a  half  revolution  of  the  crank  is  called  the 
■troke ;  the  stroke  is  evidently  equal  to  the  diameter  m  tt 
of  the  circle  described  by  the  end  a  of  the  crank. 

le  engine  may  run  in  the  direction  shown  by  the  arrows 

in  the  figure,  or  it  may  run  in  the  reverse  direction.     In  the 

former  case  it  is  said  to  run  over,  and  in  the  latter  case 

to  run  under. 

^L       The  stroke  from  the  head  to  the  crank  end  of  the  cylinder— 


iJ 


(2)  According  to  number  and  ar- 
rangement of  cylinders,  as 
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^rard  stroke ;  the  one  from  crank  end  to  head  end,  the 
return  stroke. 

The  above  simple  mechanism  perfectly  fulfils  the  office 
of  giving  a  continuous  motion  in  one  direction.  A  pulley  is 
keyed  to  the  shaft  (7,  and  the  power  is  transferred  by  belt- 
ing from  the  pulley  to  shafting,  or  directly  to  the  machinery 
to  be  run. 

THE   PLAIN   SLIDE-VALVE    ENGINE. 

1225.  The  enormous  number  of  types  of  the  steam 
engine  may  be  classified 

(1)  According  to  the  kind  of  ser-  \  ^*'  .^' 

^  ^  ,  -i  Locomotive, 

'  (  Marine,  etc. 

'^  Simple, 

Compound, 

Triple   expansion. 

Quadruple  expansion, 

Duplex,  etc. 

/«\    A         J.  1       .  r  (  Plain  slide-valve, 

(3)  According   to   the    type    of     Automatic  cut-off . 

valve  used,  as  /  ^^    i-         . 

{  Corliss,  etc. 

They  may  all  be  horizontal  or  vertical^  condcnsifig  or  non- 
condensing^  single-acting  or  double-acting.  All  of  these  dif- 
ferent types  involve  essentially  the  same  principles,  and, 
therefore,  the  description  of  a  single  type  will  be  sufficient 
to  give  a  general  knowledge  of  these  principles.  For  this 
purpose  we  shall  choose  the  simple  slide-valve  engine. 

1226.  In  Fig.  242  such  an  engine  is  shown,  and  in  Fig. 
243  is  shown  a  section  of  a  steam  cylinder.  Referring  to 
these  figures,  H  is  the  head  end,  and  C  the  crank  end  of  the 
steam  cylinder;  B  and  B'  are  the  steam  ports;  D  is  the 
steam  chest;  E  is  the  exhaust  port;  N  and  N'  are  the 
cylinder  heads;  S  is  the  steam  supply  pipe;  O  is  the 
exhaust  pipe,  and  connects  with  the  exhaust  port  E\  G  is 
one  of  the  two  guide  bars ;  R  and  R  are  the  shaft  bearings, 
and  T  is  the  bed,  or  frame,  of  the  engine.     The  above  are 
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all  stationary  parts  of  the  engine,  or  parts  which  do  not  1 
change    their    relative   positions  when   the    engine    is    in 
motion.      /'  is  the  piston ;  1  is  the  piston  rod ;  2  is  the  cross- 
head;  S  is  the  cross-head  pin;  .(  is  the  connecting-rod;   5  is  J 
the  crank;  G  is  the  crank-pin;  7  is  the  crank-shaft;  S  is  the  I 
fly-wheel;  fl  is  the  eccentric;  iO  is  the  eccentric-strap;  J  J  is  J 
the  eccentric  rod;  12  is  the  rocker;    IS  is  the  valve  rod  or   ! 
stem,  and  V  is  the  slide-valve.     These  are  all  movable  parts 
of  the  engine,  or  parts  which  change  their  relative  positions 
when  the  engine  Is  in  motion.      IF  is  the  working  length  of 
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the  cylinder.     It  is  slightly  less  than  the  distance  between 
the  cylinder  heads,  since  a  small  space  must  be  left  between 
the  head  and  the  piston,  when  the  latter  is  at  the  end  of  its 
stroke.     This  space,  together  with  the  volume  of  the  steam  i 
port,  which  leads  to  it,  is  called  the  clearaace. 

1227.     The  stroke  of  the  engine  is  the  travel  of  the  ] 
piston  P\  since  the  piston  and  cross-head  are  rigidly  fast- 
ened to  the  same  rod,  the  stroke  must  also  be  equal  to  the  I 
travel  of  the  cross-head.     It  was  shown  in  Fig.  241  that  the 
stroke  is  also  equal  to  the  diameter  of  the  circle  described  by  ' 
the  crank-pin  (J,  or,  what  is  the  same  thing,  it  is  equal  to 
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twice  the  length  of  the  crank  5,  this  length  being  measured 
from  the  center  of  crank-pin  G  to  the  center  of  the  crank- 
shaft 7.     M  is  the  diameter  or  bore  of  the  cylinder. 

1 228.  The  size  of  an  engine  is  generally  expressed  by 
giving  the  diameter  of  the  cylinder  and  the  stroke  in 
inches.  Thus,  an  engine  having  a  cylinder  diameter  of  Id 
inches,  and  a  stroke  of  32  inches,  is  called  a  I'i'x  22'  engine. 

1229.  At  the  ends  Aand  F'  the  cylinder  is  counter- 
bored — that  is,  for  a  short  distance,  the  bore  is  greater 
than  M.  The  piston  projects  partly  into  this  counterbore 
at  the  end  of  each  stroke.  Were  it  not  for  the  counterbore, 
the  piston  would  not  wear  the  cylinder  walls  their  entire 
length,  and  shoulders  would  be  formed  at  each  end  of  the 
cylinder.  When  the  wear  of  the  joints  in  the  connecting- 
rod  is  taken  up,  the  length  of  the  connecting-rod  is  slightly 
increased,  and  the  piston  is  shoved  back  slightly  towards  the 
head  end  of  the  cylinder.  In  this  case,  the  shoulder  would 
cause  an  undesirable  pounding  of  the  piston. 

Drain-cocks    W  and    W  are   fitted   in   each    end  of   the 
cylinder,    through   which    any   condensed    steam    may   be 
scharged. 

1230.  The  piston  fits  loosely  in  the  cylinder  and  has 
split  rings  k  and  /■'  inserted,  which  spiing  out  so  as  to  press 
against  the  wall  of  the  cylinder,  and  prevent  leakage  of 
steam  between  the  wall  of  the  cylinder  and  piston.      Pistons 

usually  supplied  with  a  follower-plale  h,  which  is  bolted 
to  the  head  end  of  the  piston  P,  in  order  to  hold  these  split 
rings  k  and  k'  in  place.  The  piston  rod  i  is  a  round  bar, 
rigidly  connected  to  both  the  piston  /'and  the  cross-head  2. 
K  is  a  stuffing-box  in  which  packing  is  placed,  and  is  fitted 
with  a  gland  J,  which,  when  bolted  down,  compresses  the 
packing  around  the  piston  rod  1,  and  makes  a  steam-tight 
joint.  This  packing  is  usually  made  in  the  form  of  split 
rings,  which  are  so  placed  that  the  split  of  the  first  ring  is 
covered  by  the  solid  part  of  the  next  ring.  When  repacking, 
care  should  be  taken  not  to  cause  unnecessary  friction  by 
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too  much  pressure  from  the  glmd.  The  cross-bead  S  is 
given  an  easy  sliding  fit  between  the  guide  bars  G  and  C, 
Fig.  i-ii,  vhirfa  are  in  line  with  the  path  of  the  piston  rod, 
and  combine  with  the  eross-head  to  reheve  the  piston  rod  nf 
al]  bending  strains. 

The  (Tonnecting-rod  4  forms  the  connecting  link  between 
the  cross-head  and  crank  S.  The  joint  between  cross-head 
£  and  connecting-rod  4  >s  made  by  the  cross-bead  pin  S; 
and  the  joint  between  the  connecting-rod  and  crank  is  made 
by  the  crank-pin  '1.  Connecting-rods  are  usually  made  from 
4  to  6  times  the  length  of  the  crank,  or  from  ^  lo  6  cranks 
in  length,  as  it  is  called. 

1231.  The  eccentric  9,  which  imparts  motion  to  the 
slide-valve  f ',  is  the  exact  equivalent  of  a  crank  having  the 


same  throw.  This  is  clearly  shown  in  Fig,  244,  in  which  9  is 
the  eccentric,  10  is  its  strap,  11  is  the  eccentric  rod,  and  W 
is  a  crank  having  a  throw  /"equal  t<i  that  of  the  eccentric. 
The  center  of  the  crank-shaft  Q  is  the  center  of  rotary 
motion.  The  dotted  circle  represents  the  path  of  the 
common  center  O  of  the  eccentric  and  crank  W.  The 
eccentric  revolves  freely  in  the  eccentric  strap  10,  which  is 
rigidly  connected  to  the  eccentric  rod  11  (see  Figs.  243  and 
244).  In  practice,  the  diameter  of  the  shaft  generally 
exceeds   the   throw  of   the  eccentric.     In  plain  slide-valve 
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engines,  the  eccentric  is  usually  keyed  to  the  shaft  after 
being  properly  adjusted.  The  connection  between  the 
eccentric  rod  //,  Fig.  242,  and  the  valve  stem  13,  is  accom- 
plished in  a  viriety  of  ways,  In  the  figures,  a  rocker  arm 
12  is  used  to  support  the  jtiint  between  the  eccentric  rod  H 
and  the  valve  stem  hi.  The  latter  must  be  supported  in 
some  such  manner  to  prevent  it  from  bindinji  in  its  stuffing- 
box, 

THE   I>    SLIDE-VALVfi    AND    STEAM 
DISTRIBUTION. 
1 232.     Of  the  different  kinds  of  valves  used  to  distribute 
iie  steam  in  the  engine  cylinder,  the   D   slide-valve  is  the 


A  section  of  such  a  valve  is  shown  in  Fig. 
,  in  its  central  position  ;  /  and/  are  the  steam  ports, 
>  and  o  the  bridges,  E  the  exhaust  port,  .'i  7' the  valve 
leat.  The  flanges  of  the  valve  n  b  and  f  d  are  seen  tu  be 
Jl  wider  than  the  ports  which  they  cover.  Of  this  extra  width, 
the  parts  c,  e  are  called  the  outside  lap,  and  the  parts/",  / 
the  Inside  lap.  The  valve  is  here  shown  in  mid  position; 
i,  e. ,  the  center  line  n  of  the  valve  coincides  with  the  center 
ine  m  of  the  exhaust  port.  As  the  motion  of  the  valve  is 
liven  by  the  eccentric,  the  valve  is  in  mid  position  when 
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tiie  radius  of  the  eccentric  {Q  O,  Fig.  244)  is  in  a  vertical  j 
position.  When  Q  O  lies  horizontally  on  the  right  side 
(2.  the  valve  (see  Pig.  242)  is  in  its  position  nearest  the  head 
end  of  the  steam  chest,  and  when  C'  O  lies  horizontally  on  J 
the  left  side  of  Q,  the  valve  is  at  the  end  of  its  stroke  in  the  I 
crank  end  of  the  steam  chest.  In  order  to  show  how  the  f 
steam  is  distributed  in  the  cylinder  by  means  of  the  valve  j 
and  eccentric,  a  series  of  skeleton  diagrams  have  been  drawn  I 
showing  the  relative  positions  of  the  valve  and  piston  for  J 
different  points  of  a  double  stroke. 

1233.     Fig.  24G  shows  five  diagrams.     They  represent  | 
a  D  slide-valve  without  lap  or  lead.     0  a  represents  the  I 
crank;  O  b  the  eccentric  (which  was  shown  to  be  equivalent  I 
to  a  crank) ;  a  c  the  connecting-rod,   and  b  d  the  eccentric  J 
rod.     It  should  be  remarked  that  the  sizes  of  the  various  | 
parts  have  been  greatly  exaggerated,  particularly  the  radius  I 
of  the  eccentric  circle,  and  the  amount  of  clearance.     Dia-  j 
gram  A,  Fig.  340,  represents  the  piston  as  just  on  the  point  f 
of  beginning  the  forward  stroke.     The  valve  is  movin 
the  direction  of  the  arrow,  and  the  outer  edge  is  just  about  1 
to  admit  steam  to  the  left-hand  port.     As  will  be  seen,  the 
valve  is  in  its  central  position,  and,  consequently,  the  line 
joining  the  center  of  the  shaft  and  the  center  of  the  eccen- 
tric   (this  line  will  hereafter  be  called  eccentric  radius)  is 
vertical.     All  of  the  parts  are  about  to  move  in  the  direction 
of  the  arrows.     Diagram  B  shows  the  position  of  the  parts  | 
when  the  crank  has  moved  through  90°  from  its  position  in   I 
A.     The  piston  is  at  the  middle  of  its  stroke,  or  very  nearly 
there.     It  would  he  exactly  at  the  middle  of  its  stroke,  but  1 
for  the  fact  that  the  connecting-rod  makes  an  angle  with  the  1 
horizontal.     The  angularity  of  the  connecting-rod  will  be  1 
treated  of  later ;  for  the  present,  it  will  be  assumed  that  it  ] 
has  no  effect  on  the  position  of  the  piston.      The  valve  has  | 
reached  the  extreme  limit  of  its  travel  to  the  right,  and  the 
eccentric  radius  0  b  is  horizontal.     The  left  steam  port  i 
fully  opened  for  the  live  steam,  and  the  right  steam  port  is  , 
fully  opened  for  exhaust.     Another  crank  movement  of  9 
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places  the  different  parts  as  shown  in  diagram  C.  The  pis- 
ton has  reached  the  end  of  its  forward  stroke;  the  valve  is 
in  its  central  position  moving  towards  the  left,  and  has  just 


I  closed  the  left  steam  port  and  right  exhaust  port,  and  is  just 
about  to  open  the  right  port  for  admission  of  live  steam, 
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and  the  left  port  for  the  release  of  exhaust  steam.  The  pis- 
ton has  now  tniveled  one  full  stroke.  Diagram  D  shows 
the  piston  in  its  central  position  on  the  return  stroke.  The 
crank  is  in  the  position  O  a;  the  eccentric  is  horizontal,  as 
represented  by  O  b,  and  the  valve  is  at  the  farthest  point  of 
its  travel  to  the  left,  the  right  port  being  fully  open  for  live 
steam,  and  the  left  port  fully  open  for  exhaust.  In  the  dia- 
gram /:',  the  piston  has  reached  the  extreme  point  of  the 
return  stroke,  the  piston  rod,  connecting  rod,  and  crank 
being  all  in  one  straight  line;  this  also  occurs  in  diagrams.^ 
{which  is  the  same  as  £)  and  C.  The  valve  has  been  mov- 
ing to  the  right,  and  is  now  in  its  central  position,  just  on 
the  point  of  admitting  steam  to  the  left  port. 

1234.  These  diagrams  show  conclusively  that,  with  no 
lap  or  lead,  the  steam  is  admitted  to  the  cylinder  for  the  full 
stroke  of  the  engine,  consequently  there  can  be  no  cut-off, 
and,  therefore,  no  expansion  of  steam. 

The  following  conclusion  is  now  evident:  iVt't/i  an  ortfi' 
nary  D  slide-valve,  operated  by  one  eeeentric^  there  can  b 
eiil-off,  and,  therefore,  no  expansion  of  steam,  unless  tlu  valve 
luis  outside  lap. 

1235.  The  effect  of  lap  on  the  movement  of  the  valve 
relatively  to  the  piston,  and  also  on  the  movement  of  thfi 
eccentric  and  crank,  is  clearly  shown  in  Figs.  247-254.  In 
these  figures,  the  valve  has  both  outside  and  inside  lap,  but 
no  lead.  These  diagrams  have  been  distorted,  as  was  done 
in  Fig.  246,  in  order  that  the  eccentric  radius  might  be  long 
enough  to  show  up  well.  In  Figs.  247-254  the  eccentric 
radius  is  three  times  as  long  as  it  should  be  for  the  amount 
of  valve  movement  shown  by  the  figure.  The  diameter  of 
the  crank  circle  is  also  a  little  greater  than  the  stroke  of  the 
piston  for  the  same  reason.  In  order  to  show  the  distribu- 
tion of  steam  by  the  valve,  a  diagram  has  been  drawn  above 
and  below  each  cylinder,  those  above  being  marked  M,  and 
those  below,  N.  These  diagrams  are  supposed  to  be  drawa 
in  the  following  manner:  Imagine  it  to  be  possible  to 
connect    two   small    pipes  to  the  piston,  one  on  each  side. 


STEAM  AND  STEAM  ENGINES.  6:37 

Suppose  each  pipe  has  a  steam-tight  piston  working  in  it,  the 
lower  side  of  the  pistons  being  subjected  to  the  steam  pres- 
sure in  the  cylinder,  and  the  upper  side  to  the  atmospheric 
pressure.  Suppose,  further,  that  there  is  a  coiled  spring  on 
top  of  the  piston;  that  a  piston  rod  passes  through  the 
center  of  the  spring;  and  that  a  pencil  is  attached  to  the 
end  of  the  piston  rod.  If  a  pressure  of  10  pounds  is  re- 
quired to  compress  the  spring  1  inch,  it  is  evident  that  for 
every  10  pounds  pressure  in  the  cylinder,  the  pencil  will 
move  upwards  1  inch,  and,  if  it  touched  a  sheet  of  paper, 
would  mark  a  line  on  that  paper.  It  will  now  be  presumed 
that  an  arrangement  like  that  just  described  is  attached  to 
the  steam  engine  piston,  and  that  the  pencil  touches  a  sheet 
of  paper,  which  is  held  stationary.  Then,  when  the  steam 
piston  moves  ahead,  the  pencils  will  make  straight  lines  at 
heights  corresponding  to  the  steam  pressure  on  the  under 
sides  of  the  little  pistons,  except  when  the  pressure  of  the 
steam  in  cylinder  varies,  in  which  case,  the  pencil  will 
move  up  or  down,  according  as  the  pressure  increases  or 
diminishes. 

Having  made  these  suppositions  clear,  let  Q  A\  Figs.  247 
to  254,  represent  the  line  which  the  pencil  would  trace  if 
there  were  a  perfect  vacuum  in  the  cylinder;  i.  e.,  Q  X  is 
the  line  of  no  pressure;  also,  let  A  B  represent  the  line 
which  the  pencil  would  trace  if  the  pressure  in  the  cylinder 
was  just  equal  to  that  of  the  atmosphere,  and  Q  V  the  line 
of  no  volume.  Then  the  point  Q  represents  no  volume  and 
no  pressure.  Finally,  let  1  D  represent  the  volume  of  the 
clearance. 

1 236.  Consider  Fig.  247.  The  piston  is  represented  as 
just  beginning  the  forward  stroke,  and  the  valve  as  just 
commencing  to  open  the  left  steam  port,  both  moving  in  the 
same  direction,  as  shown  by  the  arrows.  If  the  valve  had 
no  outside  lap,  the  position  of  the  eccentric  center  would  be 
at  e^  but  on  account  of  the  lap,  the  valve  has  moved  ahead 
of  its  central  position  in  order  to  bring  its  edge  to  the  edge 
of  the  port.     To  accomplish  this,  the  eccentric  center  has 
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been  moved  from  e  to  b,  O  b  being  the  position  of  the  eccen* 
trie  radius.  The  angle  b  O  e^  which  the  eccentric  radius 
makes  with  the  position  it  would  be  in  if  there  were  no  lap  or 
lead,  is  called  the  angle  of  advance. 

Assume  that  the  piston  and  valve  have  moved  a  very 
small  distance,  just  sufficient  to  admit  steam  to  fill  the 
clearance  space  on  the  left  of  the  piston,  so  that  the  steam 
acts  on  the  piston  at  full  boiler  pressure.  If  the  length  of 
the  line  A  1  represents  the  boiler  pressure  (gauge),  the 
pencil  which  registers  the  pressure  on  the  left  side  of  the 
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Fig.  247. 

piston  will  be  at  1.  The  steam  on  the  right  side  of  the 
piston  is  flowing  {cxhai4Sting)  into  the  atmosphere  through 
the  exhaust  i)ort  as  shown  by  the  arrow.  As  the  size  of  the 
exhaust  port  is  limited  by  practical  considerations,  the  ex- 
haiLst  is  not  perfectly  free,  and  there  is  a  slight  pressure  on 
the  exhaust  side  of  the  j)iston  in  addition  to  the  atmospheric 
pressure.  This  is  termed  back  pressure.  Therefore,  in 
the  diagram  N,  let  1  be  the  position  of  the  second  pencil, 
then.  /  y>  is  the  back  pressure. 
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1237.     Fig.  248  shows  the  position  of  the  piston  and 
valve  when  the  exhaust  port  is  fully  open.     The  crank  has 
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Fig  249. 

moved  from  the  position  O  f  (shown  by  dotted  line)  to  O  a, 
and  the  eccentric  center  from^to  b.  Steam  is  entering  the  head 
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.=i*=d.     The 


■;.-,  -^ji/.!.^  t-'-it  ■  il--:  -  r-Kbii  ^tf  -iTui  c  ha  jcrijke  and  opec 
•.-jt  v.r;  -.i  fil  ».i:;i.  Th*;  iri:ik  i::ti  eccentric  hare 
r^'.v^  ■,  -rjtz'.-^ii:<.c3  .'  i  ir<i  ,'  r  ir*<i:-cEed  tmes  showing 
■r.ft--  U-'i:  ^'■.•tk-.:-  r.  :r  7:-z.  1\^.  T'-e  eccencr^  ndics  is  hori- 
it.r.'Ji'..  ir.'i  i-T-;— r.-rr  =..t«=j;-t  -t  the  crank  will  cause 
:r.rt  *(-j- 1^- 'r>'-  ;.  ■.rivtl  L-  -i-;  I-.Ttr  rialf  of  its  ciicle  and 
rr-ik«  ir.-^  vi.V'^  ~.  vt  "r.a.'i.     Ir.  tht  <iiizranis  J/  and  .V,  the 

1 23&.  F:£.  3->'  >r.  wi  ;he  pision  sitil  further  advanced 
'.n  i*i  itr'^ic;.  ar.'i  the  valve  as  having  its  inside  edge  in  line 
with  th';  <-.':t^:'ie  edge  of  tiie  exhaust  pipe.     The  left  end  of 


ised  Ihu  steam  port.     The  amount 

aiik  ;i:ui  cixuntric  from  their  last 
liy  tlifir  dislaiices  from  the  dotted  lines. 
;n'cd  Uic  lines  .(-.J  on  the  diagrams  Af  and 
iiii'Hl  <>(  the  piston  from  the  last  position. 
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Fig,   251  marks  one  of  the  most  important  points  of  the 
stroke.     Here  the  valve  has  closed  the  steam  port;  i.  e.. 


cut  off  the  steam,  and  from  here  to  the  end  of  the  stroke, 
the  steam  in  the  cylinder  expands.     The  exhaust  port  is 
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now  partially  closed.  The  crank  and  eccentric  have  moved 
through  the  angles  indicated.  During  this  movement,  the 
pencils  have  traced  the  lines  4-^, 

1240u  Fig.  253  shows  another  very  important  valve 
position.  Here  the  inside  edge  of  the  valve  closes  the  ex- 
haust port,  and,  from  now  on  to  the  end  of  the  stroke,  the 
steam  in  front  of  the  piston  is  compressed.  In  the  dia^ 
grams  Af  and  AT,  the  lines  5-6  are  traced  by  the  pencils. 
The  line  SS  on  the  diagram  ^  is  an  expansion  line,  the 
pressure  falling  as  the  piston  moves  ahead. 

1 241  •  In  Fig.  253,  the  piston  has  advanced  far  enough 
to  cause  the  left  inside  edge  of  the  valve  to  be  in  line 


N 


lUL 


AJi^ 


FlO.  988. 

the  inside  edge  of  the  left  port.  The  slightest  move- 
ment of  the  valve  to  the  left  will  open  the  left  port  to  ex- 
haust. Expansion  really  ends  here,  although,  on  account 
of  the  limitation  in  the  size  of  the  ports,  there  will  still  be  a 
slight  further  expansion  owing  to  the  inability  of  the  steam 
to  escape  instantly.     During  this  last  movement  of  the 
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piston,  the  pencils  trace  the  lines  6-7  on  the  diagrams 
J/ and  -A^.  On  the  diagram  M  the  hne  6-7  is  a  continu- 
ation of  the  expansion  line  5-6,  while  in  the  diagram  N 
it  shows  part  of  the  compression  line,  the  pressure  rapidly 
increasing  as  the  piston  nears  the  end  of  the  stroke. 

1242.  In  Fig.  254  the  piston  has  reached  the  end  of  its 
forward  stroke  and  is  about  to  begin  the  return  stroke.  The 
right  outside  edge  of  the  valve  is  in  line  with  the  outside 
edge  of  the  right  port.  The  steam  is  exhausting  from  the 
head  end  of  the  cylinder,  as  shown  by  the  arrows.     The 
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crank  and  eccentric  are  both  diametrically  opposite  their 
positions  in  Fig.  247.  In  the  diagrams  i)/and  iV,  the  pen- 
cils have  traced  the  lines  7-8.  M  shows  that  the  pressure 
has  fallen  very  rapidly  from  7  to  <9,  while  in  N  it  has  risen 
from  7  to  8.  The  very  slightest  movement  of  the  piston  to 
the  left  will  admit  steam  to  the  crank  end  of  the  cylinder 
and  cause  the  pencil  to  rise  to  the  point  1\ 

1243*     During  the  return  stroke  the  above  described 
actions  of  the  steam  will  be  repeated,  the  pencils  tracing  the 
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dotted  lines  on  the  diagrams  M  and  iV  in  Fig.  254,  the 
exhaust  going  through  the  left  port  and  the  steam  through 
the  right  port.  As  the  process  is  so  nearly  like  the  prei 
ing,  the  diagrams  have  not  been  drawn,  but  the  student 
should  follow  the  valve  through  the  different  positions,  and 
note  the  effects  on  the  diagrams.  To  assist  him  in  this,  the 
corresponding  points  have  been  numbered  as  in  the  fore- 
going figures. 

1 244.  Effects  of  Lap. — The  study  of  figures  247  to 
254  should  show  the  effects  caused  by  varying  the  lap. 
Thus,  in  Fig.  251,  it  is  evident  that  if  the  outside  lap  had 
been  less,  the  valve  would  not  close  the  left  port  when  its 
center  was  in  the  position  shown ;  consequently,  the  piston 
must  move  further  ahead  before  the  valve  can  move  back 
far  enough  to  close  the  port.  This,  of  course,  makes  the 
cut-off  take  place  later  in  the  stroke,  and  shortens  the 
expansion.  It  is  likewise  evident  that  if  the  valve  had  more 
lap,  this  extra  lap  woidd  extend  beyond  the-  port  when  the 
center  of  the  valve  was  in  the  position  shown.  Therefore, 
the  valve  would  cut  off  earlier  in  the  stroke  and  the  expan- 
sion would  be  lengthened.  Hence,  increasing  (he  outside  lap 
Mcatts  an  earlier  cut-off  and  an  increased  expansion,  while 
decreasing  the  outside  lap  means  a  later  cut-off  and  a  ditnin- 
ished  expansion. 

Considering  the  inside  lap,  it  is  evident  from  Fig.  258 
that,  if  the  inside  lap  had  been  less,  the  exhaust  port  would 
not  have  closed  so  soon,  and,  consequently,  the  compression 
would  have  begun  later;  had  the  inside  lap  been  greater,  the 
compression  would  have  begun  earlier.  Fig.  253  shows  that 
with  a  diminished  inside  lap,  the  exhaust  (usually  termed 
release)  would  begin  earlier,  while  with  an  increased  inside- 
lap,  the  release  would  have  taken  place  later  in  the  stroke. 
Hence,  increasing  the  inside  lap  increases  compression  and 
delays  the  release,  while  diminishing  the  inside  lap  decreases 
compression  and  hastens  release, 

1245.  Lead.— A  valve  is  said  U<  have  lead  when  ill 
commences  to  open  the  steam  port  just  before  the  piston  | 
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[reaches  the  end  of  tKe  stroke.     The  amount  of  lead  is  meas- 

I  ured  by  the  distance  between  the  edge  of  the  valve   and 

edge  of  the  port  from  which  the  valve  is  traveling.     In  Fig. 

I  255,  the  lead  is  the  distance  a  b.     Most  engineers  give  their 


valves  lead  in  order  to  have  the  clearance  space  filled  with 

steam  at  boiler  pressure  when  the  piston  begins  its  stroke. 

'  The  effect  of  lead  on  the  angular  advance  of  the  eccentric 

:  is  evidently  the  same  as  an  increase  of  lap;  i.  e. ,  it  increases 

2  angular  advance.     Its  effect  on  the  distribution  of  steam 

I  will  be  discussed  farther  on. 

1246.  In  the  preceding  pages,  where  the  steam  distri- 
bution has  been  discussed,  it  has  been  assumed  that  the 
engine  "runs  over."     When  the  engine  "runs  under,"  the 


^B  Bteam  distribution  and  the  piston  and  valve  movements  will 
^H  be  precisely  the  same  as  before,  but  the  position  of  the  center 
^H  of  the  eccentric  relative  to  the  crank-pin  will  be  changed. 
^H  To  determine  the  position  of  the  eccentric  in  this  case  draw 
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the  horizontal  diameter  a  e  of  the  crank  circle,  as  shown  in 
Fig.  35C.  O  b'  represents  the  position  of  the  eccentric  radius 
when  the  piston  is  just  beginning  the  forward  stroke  and  the 
engine  runs  over.  Draw  b'  b  perpendicular  to  a  rand  through 
the  point  b' ;  it  intersects  the  valve  circle  in  b,  and  b  is  the 
position  of  the  center  of  the  eccentric  when  the  engine  runs 
under  and  is  about  to  begin  the  forward  stroke.  It  is  easy 
to  see  that  this  is  so,  for  the  valve  and  piston  must  buth 
have  a  forward  movement  at  this  point,  whether  the  engine 
runs  over  or  under.  If  the  eccentric  radius  were  placed  so 
as  to  occupy  the  position  0  /,  the  forward  movement  of  the 
piston  and  downward  movement  of  the  crank  would  cause 
the  valve  to  move  to  the  left,  closing  instead  of  opening  the 
port.  It  cannot  be  in  the  position  0  g,  for  that  would  throw 
the  valve  too  far  back.  Obi?,  the  only  position  in  which  the 
eccentric  radius  can  be  placed  to  give  the  valve  the  same 
movement  when  the  engine  runs  under  that  it  would  have 
if  placed  in  the  position  O  b'  and  the  engine  ran  over.  In 
both  cases  the  valve  has  the  same  forward  movement,  while 
the  center  of  the  eccentric  is  passing  from  b  or  b'  to  the 
horizontal  position  O  e. 

1 347.  Rocker  Arms. — It  frequently  happens  that  the 
eccentric  cannot  be  so  located  on  the  shaft  {in  the  direction 
of  its  length)  that  the  eccentric  rod  and  valve  stem  shall  be 
in  the  same  straight  line.  It  can  never  be  done  when  the 
valve  is  on  top  of  the  cylinder  without  inclining  the  valve 
seat,  now  very  seldom  done,  and,  with  the  valve  on  the  side 
of  the  cylinder,  other  considerations,  such  aa  the  location  of 
the  fly-wheel,  may  interfere.  In  such  cases  as  this  a  lever, 
or  rocker  arm,  may  be  employed. 

There  are  four  cases  which  may  arise  when  using  a  rocker 
arm;  1.  The  travel  of  the  valve,  the  throw  of  the  eccentric, 
and  the  direction  of  motion  of  the  valve  and  eccentric  may 
be  the  same  as  before.  2.  The  direction  of  motion  of  the 
valve  and  eccentric  may  be  the  same  as  before,  but  the  tra\'el 
of  the  valve  may  be  greater  than  the  throw  of  the  eccentric. 
3,  The  travel  of  the  valve  and  the  throw  of  the  eccentric  may 
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be  the  same  as  before,  but  the  eccentric  may  move  in  ihi; 
opposite  direction,  4.  The  travel  of  the  valve  may  be 
jrreater  than  the  throw  of  the  eccentric,  and  the  direction  of 
motion  may  be  opposite  that  in  Cases  1  and  2, 

The  first  case  is  clearly  shown  in  Fig.  343,  It  is  perfectly 
evident  that  when  the  eccentric  rod  11  moves  to  the  left 
that  the  valve  rod  1-i  will  also  move  to  the  left,  being  com- 
pelled to  do  so  by  reason  of  the  rocker  arm  13.  It  is  also 
plain  that  the  amount  of  horizontal  movement  of  the  valve 
rod  will  also  be  the  same  as  it  would  be  if  the  eccentric  were 
attached  directly  to  the  valve  rod,  thus  getting  rid  of  the 
rocker  arm.  The  reason  for  using  the  rocker  arm  in  this 
case  is  that  the  eccentric  rod  axis  and  valve  stem  axis  are 
not  in  the  same  straight  line,  the  eccentric  being  then  thrown 
to.3  far  to  the  left  by  the  main  bearing  R'.  The  valve  seat 
could,  in  this  case,  have  been  placed  further  out  from  the 
center  of  the  cylinder,  so  as  to  bring  the  axes  of  the  two  rods 
in  line.  This,  however,  would  have  made  the  steam  and 
exhaust  ports  that  much  longer.  Since  it  is  considered  to 
be  an  advantage  to  have  ports  as  short  as  possible,  a  rocker 
arm  was  used. 

1 248.  Sometimes  the  valve  travel  is  such  that  if  the 
eccentric  were  made  to  have  the  same  throw  it  would  be 
inconveniently  large.  In  such  a  case  the  eccentric  and  its 
connection  to  the  rocker  arm  may  be  left  in  the  same  position 
as  shown  in   Fig,  243,   but  the  valve  and  its  seat  may  be 


raised,  the  valve  stem  connecting  to  the  rocker  arm  at  a 

higher  point  than  shown  in  Fig.  343.     The  effect  of  such  an 

H     arrangement  is  illustrated  in  Fig.   237.     The  direction  of 

^h  motion  of  valve  and  eccentric  is  the  same  as  in  Figs,  34?  to 


MH 
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254,  but  the  throw  of  the  eccentric  U  less  than  the  travel  ot  ' 
the  valve  by  the  ratio^  <i  '■  S  f,  i-  e,,  if  the  valve  travel  is  4* 
and^//=  ^-^' and  ^c=  15',  the  throw  of  the  eccentric  will 
be  4"  X  \i  =  !V  i'.      If  the  engine  runs  under,  the  position  of 


the  center  <jI  the  eccentric  will  be  the  same  as  in  Fig.  258,  and 

may  be  found  by  the  same  method  that  was  given  for  finding 
it  in  the  case  shown  in  Fig.  -ihii. 

1 249.  In  all  three  of  the  cases  just  described  the  direc- 
tion of  motion  of  the  valve  and  of  the  eccentric  has  remained 
the  same  as  if  there  had  been  no  rocker  arm,  and  both  points 
of  connection  d  and  c  of  the  valve  stem  and  eccentric  rod  to  | 
the  rocker  arm  were  on  the  same  side  of  the  pivot  g.  Sup- 
pose that  the  valve  had  been  placed  on  the  top  of  the  cylin- 
der, and  it  had  been  found  more  convenient  to  place  the 
pivot  of  the  rocker  between  the  connections  of  the  rocker 
arm  to  the  valve  stem  and  eccentric  rod,  as  shown  in  Fig. 
259;  then,  when  J  moves  to  the  right,  along  the  dotted  arc 
whose  center  is  at  ^,  e  moves  to  the  left.     Consequently,  if  1 

/.     , 


7=f^ 


the  eccentric  center  was  in  the  position  0  b',  and  the  engine 
was  running  in  the  direction  of  the  arrow,  the  valve  would   , 
move  backwards  instead  of  ahead.     To  overcome  this  diffi- 
culty, the  eccentric  is  shifted  1S()°  to  the  position  0  b,  then 
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I  movernent  of  i  in  the  direction  of  the  arrow  will  throw  d 
I  to  the  left  and  c  to  the  right,  as  is  easily  seen. 

If  ^  d  and  g  €  are  equal,  the  valve  travel  and  the  throw  of 
the  eccentric  will  be  equal,  fulfilling  the  conditions  for  Case 
3.  a  g  d  is  less  than  g  e,  the  throw  of  the  eccentric  will  be 
less  than  the  valve  travel  by  the  ratio  ^(/  :  g  c.  For  ex- 
ample, suppose  that^f=  20'  and  gd=  15*  and  the  valve 
travel   is   5';    then,    the    throw   of    the   eccentric  will   be 

1250.  Fig.  2'iO  shows  the  position  of  the  eccentric  cen- 
ter when  the  engine  runs  under,  and  the  rocker  arm  is  of 
the  same  design  as  the  one  shown  in  Fig,  250,  If  there 
■were  no  rocter  arm,  the  eccentric  center  would  be  at  b',  as 
in  Fig.  25G,  but  since  the  rocker  arm  changes  the  direction 
of  motion  in  this  case,  the  eccentric  is  turned  around  180°, 
to  a  point  diametrically  opposite. 
/  ■ 


The  following  rule  may  be  applied  to  any  engine  whose 
valves  cut  off  by  their  outside  edges,  as  has   been  done  in 
I  all  the  previous  cases: 

Rule. — Place  the  crank  in  the  position  0  a,  and  the  eccen- 
tric in  the  position  O  b,  as  shown  in  Fig.  3^7,  e  O  b  being  the 
angle  of  advance.     If  the  engine  runs  over  and  the  rocker 
\  arm  does  not  reverse  the  direction  of  motion  of  the  eccentric, 
I  the  eccentric  is  nozo  correctly  set.     If  the  engine  runs  under, 
I  the  eccentric  should  be  placed  in  the  position  shown  in  Fig. 
BSH,  according  to  the  rule  given  in  connection  with  that  figure. 
I  If  the  engine  has  a  rocker  arm  whose  pivot  lies  between  the 
I  point  of  connection  with  the  valve  stem  and  eccentric  rod,  and 
T  the  engine  runs  over,  place  the  eccentric  center  diametrically 
1  opposite  the  position  shown  in  Fig.  3^7.     If  the  engine  runs 
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under,  and  the  pivot  of  Ike  rocker  arm  lies  between  the  two 
points  of  connection,  place  Ike  eccentric  center  diamelrieally 
opposite  the  position  stiown  in  Fig.  256. 

The  methods  of  setting  the  eccentric,  when  the  valve  cuts 
off  by  its  inside  edges,  and  the  determination  of  the  proper 
amount  of  lap  and  lead,  will  be  treated  of  in  Arts.  1621 
to  1636. 

1251.  Dead  Centers. — When  the  piston  has  reached 
the  end  of  either  stroke,  the  piston  rod,  connecting  rod,  and 
crank  are  all  in  one  straight  line,  and  the  entire  steam  pres- 
sure on  the  piston  is  transmitted  directly  to  the  shaft  and 
bearings,  none  of  it  being  used  to  turn  the  crank.  This  is 
clearly  shown  in  Fig.  250.  It  is  evident  that  there  is  no 
turning  force  on  the  crank  due  to  the  steam  pressure  when 
the  reciprocating  parts  are  in  the  position  shown.  When 
the  crank  occupies  this  position,  it  is  said  to  be  on  its  dead 
center.  There  are  two  dead  center  positions,  O  a  and  O  e, 
diametrically  opposite  each  other,  corresponding  to  the  two 
extreme  positions  of  the  piston.  When  the  crank  occupies 
the  position  O  a 'i\.  is  said  to  be  on  its  interior  dead  cen- 
ter, and  when  it  occupies  the  position  0  e,  on  its  exterior 
dead  center. 

1252.  Clearance. — When  the  crank  is  on  a  dead  cen- 
ter, and  the  piston  at  the  end  of  its  stroke,  there  is  always 
a  space  between  the  piston  and  the  cylinder  head.  The 
volume  of  the  space  plus  the  volume  of  the  one  steam  port 
leading  into  it  is  called  the  clearance.  Thus,  in  Fig.  '255 
the  piston  is  at  the  end  of  its  return  stroke,  and  the  clear- 
ance is  the  volume  of  the  space  between  the  piston  and  the 
left  cylinder  head,  plus  the  volume  of  the  left  steam  port. 
In  other  words,  the  clearance  may  be  defined  as  the  volume 
of  steam  between  the  valve  and  the  piston,  when  the  latter 
is  at  the  end  of  its  stroke.  The  clearance  of  an  engine  may 
be  found  by  putting  the  engine  on  a  dead  center  and  pour- 
ing in  water  until  the  space  between  the  piston  and  the  cyl- 
inder head,  and  the  steam  pfirt  leading  into  it,  is  filled.  The 
volume  of  the  water  poured  in  is  the  clearance. 


lied.  'I'tie     H 
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The  clearance  may  be  expressed  in  cubic  feet  or  cubic 
inches,  but  it  is  more  convenient  to  express  it  as  a  per- 
centage of  the  volume  swept  through  by  the  piston.  For 
example,  suppose  the  clearance  volume  of  a  12'  X  18"  engine 
is  found  to  be  128  cu.  in.  The  volume  swept  through  by 
the  piston  per  stroke   is   12' X. 7854  X  18  =  2,035.8  cu.  in. 

128 
Then,  the  clearance  is  = .  063  =  6. 3^,     The  clearance 

may  be  as  low  as  ^^  in  Corliss  engines,  and  as  high  as  14^ 
in  very  high  speed  engines. 

1253.  Theoretically,  there  should  be  no  clearance, 
since  the  steam  which  fills  the  clearance  space  does  no  work 
except  during  expansion;  it  is  exhausted  from  the  cylinder 
during  the  return  stroke,  and  represents  so  much  dead  loss. 
This  is  remedied,  to  some  extent,  by  compression.  If  the 
compression  were  carried  up  to  the  boiler  pressure,  there 
would  be  very  little,  if  any,  loss,  since  it  would  then  fill  the 
entire  clearance  space  at  boiler  pressure,  and  the  amount  of 
fresh  steam  needed  would  be  the  volume  displaced  by  the 
piston  up  to  the  point  of  cut-off,  the  same  as  if  there  we^e 
no  clearance.  It  is  not  practicable  to  build  an  engine  with- 
out any  clearance,  owing  to  the  formation  of  water  in  the 
cylinder  due  to  the  condensation  of  steam,  particularly  when 
starting  the  engine.  As  water  is  practically  incompress- 
ible, some  part  of  the  engine  would  be  broken  when  the 
piston  reached  the  end  of  its  stroke,  provided  there  were  no 
clearance  space  for  the  water  to  collect  in;  usually,  the 
cylinder  heads  would  be  blown  off.  Neither  is  it  practicable 
to  compress  to  boiler  pressure,  as  a  general  rule,  for  that 
causes  too  great  strains  on  the  engine.  Automatic  cut-off 
high-speed  engines  of  the  best  design,  with  shaft  governors, 
usually  compress  to  about  half  the  boiler  pressure,  and  have 
a  clearance  of  from  7^  to  14^. 

Corliss  engines  have  but  very  little  compression,  owing  to 
the  construction  of  the  valve;  they,  likewise,  have  very 
little  clearance. 
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1 254.  Real  and  Apparent  Cut-Off  and  Ratio  of 
Bxpantftlon.  — The  apparent  cut-off  is  the  ratio  between 
the  portion  of  the  stroke  completed  by  the  piston  at  the  point 
of  cut-off,  and  the  total  length  of  stroke.  For  example,  if 
the  length  of  stroke  is  48  inches,  and  the  steam  is  shut  off 
from  the  cylinder  just  as  the  piston  has  completed  15  inches 
of  the  stroke,  the  apparent  cut-off  is  |-|  =  -j*j-. 

The  real  cut-off  is  the  ratio  between  the  volume  of 
steam  in  the  cylinder  at  the  point  of  cut-off,  and  the  volume 
at  the  end  of  the  stroke,  both  volumes  including  the  clear- 
ance of  the  end  of  the  cylinder  in  question.  If  the  volume 
of  steam  in  the  cylinder  (including  the  clearance)  at  the 
point  of  cut-off  is  4  cu.  ft.,  and  the  volume  (including  the 
clearance)  at  the  end  of  the  stroke  is  G  cu.  ft.,  the  rral 
cut-off  is  I  =  f . 

The  ratio  of  expansion,  also  called  the  number  of 

expansions,  is  the  ratio  between  the  volume  of  steam 
(including  the  steam  in  the  clearance  space)  at  the  end  of 
the  stroke,  and  the  volume,  including  the  clearance,  at  the 
point  of  cut-off.  It  is  the  reciprocal  of  the  real  cut-off. 
For  example,  if  the  volume  at  the  end  of  the  stroke  is  8  cu. 
ft.,   and  at  cut-off    is  5  cu.   ft.,  the  ratio  of  expansion   is 

8 

—  =  1.0;  in  ordinary  language,  the  steam  would  be  said  to 

5 

have  one  and  six-tcntJis  expansions.  The  corresponding 
real  cut-off  would  ])e  {•. 

Let  e  —  the  number  of  expansions; 

/  ~  the  clearance,   expressed  as   a  per  cent,    of  the 

stroke; 
k  =  the  real  cut-off; 
^'^  —  the  apparent  cut-off; 
r  =  the  apparent  number  of  expansions  =  -r-. 

Then,  c  =  ^and  k  =  -  .  (96.) 

A'  e  ^ 
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Example. — The  length  of  stroke  is  36  inches;  the  steam  is  cut  off 
when  the  piston  has  completed  16  inches  of  the  stroke;  the  clearance  is 
4t  per  cent.  Find  the  apparent  cut-off,  the  real  cut-off,  and  the  number 
of  expansions. 

16       4 
Solution. — Apparent  cut-off  =  -^^  =  --  =  .444.     Ans. 

Real  cut-off  =  Jt  =  -^ r  =  '-^ r^  =  —rr  =  '465.    Ans. 

1  +  /  1  +  .04         1.04 

Number  of  expansions  =  ^  =  -7-  =     .„^  =2.15.     Ans. 

Xr        .4d0 


EXAMPLES  FOR  PRACTICE. 

1.  Length  of  stroke,  18';  apparent  cut-off,  .4;  clearance,  7.5j?.    Find 
(a)  real  cut-off,  and  {d)  real  number  of  expansions.  .     ,  j  (^)    -442. 

^"^  (  (d)  2.262. 

2.  Length  of  stroke,  66' ;  clearance,  4^;  steam  cuts  off  at  14^'.    Find 
(a)  real  and  (i)  apparent  cut-off  in  per  cent,  of  stroke,  and  (r)  real  and 

(a)  24.97;?. 
(d)  21.97;?. 


(^)  apparent  number  of  expansions. 

Ans. 


I    Ic)  4,  ne 
[  (//)4.552 


nearly, 
nearly. 


INDICATORS   AND   INDICATOR    CARDS. 

1255.  The  arrangement  described  in  connection  with 
Figs.  247  to  254,  for  recording  the  steam  pressure  at  all 
pK)ints  of  the  stroke  of  the  piston,  would  be  impossible  to 
put  into  actual  operation.  Again,  the  diagram  traced  by 
the  pencil  would  be  altogether  too  large  to  be  handled 
conveniently.  To  overcome  these  objections,  an  instru- 
ment called  the  indicator  is  used.  The  principal  reason 
for  obtaining  a  diagram  of  this  kind  is  that  it  affords  a 
ready  means  of  computing  the  mean  pressure  of  the  steam 
upon  the  piston  during  one  stroke.  If  the  mean  pressure 
on  both  sides  of  the  piston,  the  length  of  the  stroke,  and 
the  number  of  strokes  per  minute  are  known,  the  horse- 
power of  the  engine  can  be  easily  found. 

1256.  Fig.  2G1  shows  the  general  appearance  of  an 
indicator,  and  Fig.  2G2  shows  one  in  section.  The  instru- 
ment consists  essentially  of  a  cylinder  a  containing  the 
piston  ^  and  spiral  spring  d.     By  turning  a  cock  connected 
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to  ihe  small  pipe  to  which  the  indicator  is  attached,  steam 
may  be  admitted  to,  or  shut  off  from,  the  cylinder  of  the 
indicator  at  pleasure.  When  steam  is  admitted  through  the 
channel  s,  Fig.  202,  its  pressure  causes  the  piston  ^  to  rise. 
The  spiral  spring  if  is  compressed,  and  resists  the  upward 
movement  of  the  piston.  The  height  to  which  the  piston 
rises  should  then  be  in  exact  proportion  to  the  pressure  of 
the  steam,  and,  as  the  steam  pressure  rises  and  falls,  the 
piston  must  rise  and  fall  accordingly. 


To  register  this  pressure,  apencilmight  simply  be  attached 
to  the  end  of  the  piston  rod  C,  the  point  of  the  pencil  being 
made  to  press  against  a  piece  of  paper.  It  is  desirabli 
however,  to  restrict  the  maximum  travel  of  the  piston  to 
about  half  an  inch;  while  the  height  of  the  card  may 
advantageously  be  two  inches  or  more.  To  obtain  a  long 
range  of  the  pencil,  combined  with  a  short  travel  of  the 
piston,  the  pencil  is  attached  at  /  to  the  long  end  of  the 
lever  n  ip.     The  fulcrum  of  the  lever  js  at  n.     The  pistoa 
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I  rod  is  connected  to  it  at  k  through  the  link  i.     The  pencil 
I'  motion  is  thus  '—^  times  the  piston  travel.     This  ratio  ^—r 

'  is,  fur  most  indicators,  either  4,  5,  or  6.     The  point/  is  forced 


I 


I  to  move  in  a  vertical  straight  line  by  the  arrangement  of 
I  the  links  and  joints  (',  c,  ii,  k. 

1267>  The  height  to  which  the  piston  will  rise  under  a 
given  steam  pressure  depends  upon  the  stiffness  of  the 
spring.  Indicators  are  usually  furnished  with  a  number  of 
springs  of  varying  degrees  of  stiffness,  which  are  dtstin- 
g;uished  by  the  numbers  20,  UO,  40,  etc. 

These  numbers  indicate  the  pressure  per  square  inch 
required  to  raise  the  pencil  one  inch.  Thus,  if  a  40  spring 
is  used,  a  pressure  of  40  pounds  per  square  inch  raises  the 
pencil  one  inch,  and,  therefore,  the  vertical  scale  of  the 
diagram  is  40  pounds  per  inch.    That  is,  the  vertical  distance 

inches  of  any  point"  on  the  diagram  from  the  atmospheric 
line,  multiplied  by  40,  gives  the  gauge  pressure  per  square 
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inch  at  that  point.  The  scale  of  the  spring  chosen  should 
not  be  less  than  half  the  boiler  pressure.  For  example,  we 
would  choose  a  40  spring  for  a  steam  pressure  of  75  pounds 
per  square  inch. 

1 258.  The  indicator,  however,  must  not  only  register 
pressures,  but  it  must  register  them  in  relation  to  the  posi- 
tion of  the  piston.  To  accomplish  this  object,  a  cylindrical 
drum/  is  provided.  This  drum  can  be  revolved  on  its  axis  /, 
by  pulling  the  cord  /,  which  is  coiled  around  it.  When  the 
pull  is  released,  the  spring  j  rotates  the  drum  back  to  its 
original  position.  If  now  the  cord  /  be  attached  to  some 
part  of  the  engine  which  has  a  motion  proportional  to  the 
motion  of  the  piston,  the  motion  of  the  drum  will  also  be 
proportional  to  the  motion  of  the  piston. 

1 259.  To  attach  the  indicator  to  the  engine,  a  hole  is 
>  drilled  in  the  clearance  space  of  the  cylinder  and  tapped  for 


a  Y  nipple.  The  nipple  has  an  elbow,  into  which  is  screwed 
the  indicator  cock.  The  indicator  is  then  attached  directly 
to  the  cock  by  the  nut  r,  the  conical  projection  s  of  the 
indicator   wedging  tightly   into   the   cock  to  prevent  the 
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leakage  of  steam.  It  is  preferable  to  have  an  indicator  at  each 
end  of  the  cylinder,  but  if  that  is  not  convenient,  one  indi- 
cator may  be  connected  with  both  ends  of  the  cylinder  by 
means  of  a  three-way  cock,  as  shown  in  Fig.  30-1. 


The  motion  of  the  drum  cord  is  usually  obtained  from 
the  cross-head.  Since  the  stroke  nf  the  engine  is  nearly 
always  greater  than  the  circumference  of  the  drum,  the 
cord  cannot  be  attached  directly  to  the  cross-head,  and  an 
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I 


arraugeraent  called  a  reducing  motion  is  resorted  to.     A  I 
common  form  of  reducing  motion  is  shown  in  Fig.  203.     It  [ 
consists  of  four  links  joined  together  in  the  form  of  a  par- 
allelogram.    One  of  the  links  «  is  prolonged,  and  is  pivoted  | 
at  the  end  to  the  cross-head  D.     The  opposite  corner  of  the  ' 
parallelogram  is  pivoted  to  the  fixed  point  C.      The  cord  is 
attached  to  the  point  E  on  the  link  m,  which  point  must  be 
on  the  straight  line  connecting  C  and  D.     A  B  represents  I 
the  length  of  the  stroke.     Letting  L  represent  the  length  of  j 
the  indicator  diagram,  we  have  the  following  proportions  :  / 

A  B  \  L=  C  Di  C  E,QT—T^=-y^.     This  reducing  motion 

is  called  the  pantograph. 

1260.  Another  reducing  motion  is  shown  in  the 
"slotted  swinging  lever,"  shown  in  Fig.  204.  A  pin  in  the 
cross-head  moves  in  a  slot  in  one  end  of  the  lever,  the  other  ' 
end  of  which  is  pivoted,  at  U,  to  some  stationary  body. 
The  cord  is  attached  at  V.  As  in  the  former  arrangement, 
length  of  diagram _    UV  i 

length  of  stroke    ~   U  W^  \ 

length  of  diagram  y.  UW 
length  of  stroke 
Therefore,  to  find  the  distance  6'' Z-' between  the  pivot  V 
and  the  point  V  where  the  cord  is  attached,  multiply  the 
length  of  the  lever  by  the  desired  length  of  diagram,  and 
divide  the  product  by  the  length  of  stroke,  all  the  dimen- 
sions being  taken  in  inches. 

Example. — The  stroke  of  an  engine  is  3b  inches;  the  length  of  the  I 
slutted  lever  is  0  feci.  How  far  from  the  pivot  must  the  string  be  1 
attached  tu  give  a  diagram  'i\  inches  long? 


UV  = 


Solution.— 


2x34  _ 


TO  TAKR  THE  CARD. 

12B1.  The  instrument  being  attached  to  the  engine,  as  I 
explained  above,  slip  a  blank  card  over  the  drum,  as  shown  1 
in  Fig,  261.  Fasten  the  cord  to  the  reducing  gear,  taking  | 
care  that  it  is  not  too  short,  and  that  the  drum  does  not  i 
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•'strike"  at  either  end  of  the  stroke.  (For  convenience, 
the  cord  should  be  divided,  one  part  being  attached  to  the 
reducing  gear,  and  the  other  to  the  drum.  One  end  is  pro- 
vided with  a  loop  and  the  other  with  a  hook,  so  that  they  may 
be  connected  and  disconnected  easily.)  Open  the  cock  and 
let  the  engine  make  a  few  strokes  to  warm  up  the  indicator ; 
then  press  the  pencil  gently  against  the  rotating  drum  dur- 
ing one  revolution.  Shut  the  cock  and  again  press  the  pen- 
cil against  the  drum,  to  obtain  the  atmospheric  line.  Now, 
disconnect  the  drum  cord  and  take  off  the  card. 

If  but  one  indicator  and  a  three-way  cock  are  used,  as 
shown  in  Fig.  264,  open  the  cock  to  admit  steam  from  one 
end  of  the  cylinder,  and  take  the  card  from  that  end ;  then 
turn  the  cock  to  admit  steam  from  the  other  end,  and  take 
that  card ;  then  shut  off  the  steam  entirely,  and  take  the 
atmospheric  line. 

1 262*     Figs.  205  and  206  are  cards  taken  from  the  head 


Fig.  205. 

and  crank  ends  of  the  cylinder,  respectively.     The  different 
phases  during  the  stroke  are  very  clearly  shown. 
Thus :  1  is  the  beginning  of  the  stroke ; 
2  is  the  point  of  cut-off; 

5  is  the  point  of  release ; 
4  is  the  end  of  the  stroke ; 

6  is  the  point  of  compression ; 
6  is  the  point  of  admission. 


iU\{) 
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The  lines  included  between  any  two  of  these  points  have 
received  special  names,  which  are  as  follows: 

^^ a 


s 


Pig.  266. 

is  the  admission  line; 
IS  the  steam  line; 
is  the  expansion  curve; 
o  is  the  period  of  release; 
is  the  back  pressure  line; 
is  the  compression  curve; 
A  Z  is  the  atmospheric  line. 

f4^ jB  J5L 


6-1 
1-2 
2-3 
8-J,- 
U-5 
5-6 


Rttuftt, 


Fig.  2(57. 


1  2B3.     If  but  one  indicator  is  used,  the  two  diagrams 
may  be  taken  on  the    same    blank  as  shown  in  Fig    267. 
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With  the  diagrams  placed  one  over  the  other,  as  shown,  it  is 
very  easy  to  tell  exactly  what  is  taking  place  in  the  cylinder 
at  any  point  of  the  stroke.  On  the  forward  stroke  the  pen- 
cil of  the  indicator  describes  the  line  A  B  C  T)  oi  the  head 
diagram,  if  the  cock  is  opened  to  the  head  end,  or  it 
describes  the  line  K  L  M,  if  the  cock  is  opened  to  the  crank 
end.  Likewise,  the  lines  G  H  J  K  and  D  E  F  are  described 
during  the  return  stroke. 

Suppose  the  piston  is  at  a  position  corresponding  to  r  on 
the  forward  stroke;  the  pressure  (absolute)  urging  the 
piston  forward  is  r  5,  while  the  pressure  resisting  is  r  t. 
Hence,  the  net  pressure  on  the  piston  is  5  /.  Suppose,  now, 
that  the  piston  is  at  r  on  the  return  stroke ;  the  pressure  at  the 
right  urging  the  piston  on  is  r  w,  while  the  pressure  on  the  left 
is  r  V.  The  net  pressure  is,  therefore,  «  v,  and  is  negative; 
or,  in  other  words,  the  resistance  is  greater  than  the  effort. 

1264.  A  double  diagram  of  this  character  tells  at  a 
glance  what  is  taking  place  at  either  end  of  the  cylinder  at 
any  point  of  the  stroke.  Thus,  when  the  piston  is  on  the 
forward  stroke,  in  the  position  corresponding  to  ;;/,  the 
steam  in  the  head  end  is  at  the  point  of  release,  as  shown  at 
C.  Draw  a  line  through  fn  perpendicular  to  the  vacuum 
line.  C  lies  on  A  B  Cj  and  since  JC  L  M  is  described  at  the 
same  time  2ls  A  B  C,  the  intersection  of  the  line  through  C 
with  the  line  K  L  M  is  the  point  corresponding  to  C.  Since 
w  is  on  the  compression  line,  compression  is  taking  place  in 
the  crank  end  when  release  occurs  in  the  head  end. 


HORSBPOIW^ER. 

1265*  In  order  to  find  from  the  diagram  the  horse- 
power exerted  by  the  engine,  we  must  first  find  the  mean 
effective  pressure. 

The  mean  effective  pressure,  or  M.  E.  P.,  is  defined 
as  the  average  pressure  urging  the  piston  forward  during 
its  entire  stroke  in  one  direction,  less  the  pressure  that 
resists  its  progress. 

The  mean  effective  pressure  may  be  found  in  two  ways: 
1.  The  area  of  the  diagram  in  square  inches  may  be  found 
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by  an  instrument  called  the  planimeter;  the  M.  E.  P.  is 
then  found  by  dividing  the  area  of  the  diagram  in  square 
inches  by  the  length  of  the  diagram  in  inches,  and  multiply- 
ing by  the  scale  of  the  spring. 

EXAMPLK,— The  area  of  the  diagram  is  4.2  sq.  in.,  and  the  length  is 
8.5  in. :  £t  40  spring  being  used,  find  Ihe  M.  E.  P. 

Solution. — ^  X  40  =  48  lb.  per  sq.  in.  M.  E.  P.     Ana. 

2.  Where  a  planimeter  is  not  available,  the  following 
method  of  finding  the  M.  E.  P.  is  fairly  rapid  and  accurate: 

Draw  tangents  to  each  end  of  the  diagram  perpendicular 
to  the  atmospheric  line.  Divide  the  horizontal  distance 
between  the  tangents  into  10  or  more  equal  parts  (10  or 
30  parts  are  the  most  convenient,  but  any  other  number 
may  be  used).  Indicate  by  a  dot  on  the  card  the  center  of 
each  division,  and  draw  lines  through  these  dots  parallel  to 
the  tangents  from  the  upper  line  to  the  lower  line  of  the 
card.  On  a  strip  of  paper  mark  off  successively  the  length 
of  these  lines,  the  total  length  thus  representing  the  sum  of 
all  the  lines.  Divide  this  total  length  by  the  number  of  the 
lines  used,  and  multiply  the  quotient  by  the  scale  of  the 
spring.  The  result  will  be  the  M,  E.  P.  This  method  is 
the  same  as  that  given  in  Art,  1159. 


P 


Example.— The  projection  of  the  head  end  card  o(  Fig.  265  (see  Fig, 
SflS)  upon  the  atmospheric  line  is  the  distance  A  Z,  and  it  is  divided,  in  I 
this  case,  into  14  equal  spaces.    The  length  of  each  of  the  perpendiculaf  I 
lines  drawn  through  the  cord  opposite  the  centers  of  these  spaces,  is  I 
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marked  on  the  lines  themselves,  and  the  sum  of  these  lengths  is  18.11 
inches.  The  scale  of  the  spring  used  In  obtaining  the  card  was  40 
pounds;  therefore, 

- ;-;    X  40  =  B1.74  pounds  per  square  Inch  = 
the  M.  E.  P.  of  the  ' '  head  "  end  card. 

Example.— The  projection  of  the  crank  card  of  Fig.  266  (see  Fig. 
269),  upon  the  atmospheric  line,  is  the  distance  A  Z,  and  it  is  divided 
in  this  case,  into  14  equal  spaces.  The  length  of  each  of  the  perpen- 
dicular lines  drawn  through  the  card  opposite  the  centers  of  these 
spaces,  is  marked  on  the  lines  themselves,  and  the  sum  of  these  lengths 
is  17.78  inches.    The  scale  of  the  spring  Is  40  pounds ;  therefore, 

"      X  40  =  50.8  pounds  per  square  inch  = 
the  M.  E.  P.  of  the  "  crank"  end  card. 
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Therefore,  the  M.  E.  P.  in  the  cylinder  during  a  complete  revolu- 
tion of  the  crank  is 

51.74  +  50.8      .,  „  ,  .     . 
5 =  51.27  pounds  per  square  inch. 

1266.  The  reason  for  dividing  the  diagram  into  10 
parts  instead  of  some  other  number,  is  that  it  shortens  the 
work  of  calculation.  Thus,  in  the  two  examples  just  given, 
if  the  number  of  divisors  had  been  10  instead  of  14,  and  the 
sum  of  the  ordinates  had  been  13.  W,  the  mean  ordinate 

would  have  been^^  =  1.294,  and  the  M.  E   P., 1.294  X  40 

=  51,76  lb.  per  sq.  in.     All  that  is  necessary  is  to  add  the 
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ordinates  and  shift  the  decimal  point  one  place  to  the  left 
to  obtain  the  mean  oftiinate  when  the  diagram  is  divided 
into  10  equal  parts.  This  method  saves  the  time  required 
to  divide  by  some  inconvenient  number,  as  14. 

1 207*    Sometimes  the  expansion  line  of  the  card  will  fall 
below  the  back  pressure  line,  as  shown  inFig.  270.     Insucha 
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case  the  area  of  the  loop  C  D  must  be  subtracted  from  the 
remainder  of  the  card  ABC.  When  the  planimeter  is 
used,  the  subtraction  is  made  automatically  by  the  instru- 
ment ;  but  when  the  card  is  divided  into  parts  by  the  method 
of  ordinates  the  sum  of  the  ordinates  oi  C  D  must  be  sub- 
tracted from  the  sum  of  those  oi  A  B  C  A,  The  result 
divided  by  the  number  of  spaces  will  give  the  mean  ordi- 
nate ;  multiplying  this  by  the  scale  of  the  spring  will  give 
the  M.  E.  P.,  as  before. 

1 268.  We  have  now  all  the  materials  for  finding  the 
work  done  in  the  engine  cylinder,  expressed  in  horsepowers. 
Work  is  the  product  of  force  into  the  distance  through 
which  the  force  moves.  In  the  case  of  the  engine  cylinder 
the  total  force  is  the  M.  E.  P.  per  square  inch  multiplied  by 
the  area  of  the  piston;  and  the  distance  moved  through  in 
a  minute  is  the  number  of  strokes  in  a  given  time  multiplied 
by  the  length  of  stroke. 

Let  P  represent  the  M.  E.  P.  in  lb.  per  sq.  in. ; 
A  represent  the  area  of  piston  in  sq.  in. ; 
L  represent  the  length  of  stroke  in  ft. ; 
N  represent  the  number  of  strokes  per  min. 
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Then,  the  work  done  per  minute  is  P  L  A  iVft.-Ib. 
One  horsepower  =  33,000  ft. -lb.  per  min. 
Therefore,  the  indicated  horsepower  of  the  engine  is  found 
from  the  formula, 

^-  ^-  ^'  ^     33,000   •  ^®®-^ 

1269.  When  the  point  of  real  cut-off  and  the  steam 
pressure  at  the  beginning  of  the  stroke  are  known,  the  M. 
E.  P.  maybe  found  approximately  by  the  following  formula: 

M.  E.  P.  =  •9/-(l  +  2-31og.)_  ^^^         ^^^^ 

in  which  P=  absolute  steam  pressure  =  gauge  pressure  + 

14.7  pounds; 
e=  ratio  of  expansion; 
/  =  absolute  back  pressure. 
/  is  usually  taken  as  about.3  pounds  for  condensing  engines, 
and  17  pounds  for  non-condensing  engines. 

Example. — A  non-condensing  engine  cuts  off  at  |  stroke.  The 
clearance  is  5j^;  the  gauge  pressure  is  59.3  pounds.  What  is  the 
approximate  M.  E.  P.  ? 

Solution.— ^1  =  f  ^  =  -^ r  =  r-F^ t^k  =  t"?^  =  st^  =  So  •    <^  = 

•  l-h/        1.00-h.05      1.05      315      63 

J  =  ^.  log  H  =  .16587.       P  =  59.3  +  147  =  74  lb.       M.  E.  P.  = 

.9^(1  + 2.3  log  ^)        n^  _   .9  X  74  X  (1  +  2.3  X  .16587)        ^^^ 

-  .y/ ^ .y  X  17  = 

47.5  lb.  43 

Example. — The  diameter  of  the  piston  of  an  engine  is  10  inches, 
and  the  length  of  stroke  15  inches ;  it  makes  250  revolutions  per  min- 
ute, with  a  M.  E.  P.  of  40  pounds  per  square  inch;  what  is  the  horse- 
power ? 

Solution. — As  it  is  not  stated  whether  the  engine  is  single  or  double 
acting,  assume  that  it  is  double-acting.  Then,  the  number  of  strokes 
is  250  X  2  =  500  per  minute.     Substituting  in  formula  98, 

„  p  _  PLAN  _  40  X  it  X  (10^  X  .7854)  X  500  _  .(v  r,  u  t> 
"•  ^' "     33,000     -  33:060  ""  ^  • 

1 270*  The  product  LN  oi  the  above  formula  gives  the 
total  distance  in  feet  traveled  by  the  piston  per  minute.   It  is 
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called  the  piston  speed.   If  the  length  of  stroke  L  be  taken  in 

LN 
inches,  the  piston  speed  becomes  — rs"-       If  i?  =  number  of 

.     ,     LN      Lx%R      LR 
revolutions  per  minute,  -r^  =  — -r^ —  =  — t—- 

Letting  5  represent  the  piston  speed  in  feet  per  minute, 

LR  \ 


5  = 
Z  = 
R^ 


6 
65 

R 
65 


(lOOO 


L 

The  piston  speeds  used  in  modem  practice  are  about  as 

follows :  ft.  permin. 

Small  stationary  engines,  -            300  to  600. 

Large  stationary  engines,  600  to  1,000. 

Corliss  engines,       .        -  -        -  400  to  750. 

Locomotive  engines,        -  -      600  to  1,200. 

1271.  Having  given  the  I.  H.  P.  of  the  engine  and 
knowing  the  available  M.  E.  P.,  there  are  two  methods  of 
calculating  the  length  of  stroke  and  diameter  of  piston : 

1.  We  may  assume  the  number  of  revolutions,  and  the 
ratio  of  the  length  of  stroke  to  the  diameter  of  cylinder. 

2.  We  may  assume  a  suitable  piston  speed,  and  choose  the 
number  of  revolutions  and  length  of  stroke  to  correspond. 

An  example  will  serve  to  illustrate  the  above  methods. 

Given  an  engine  which  is  to  develop  250  I.  H.  P.  with  a 
M.  E.  P.  of  50  pounds  per  square  inch.  Find  the  diameter 
of  piston  and  length  of  stroke. 

First,  let  us  assume  that  the  engine  makes  a  certain 
number  of  revolutions  per  minute,  as  75,  and  that  the 
length  of  stroke  in  inches  is  say  twice  the  diameter  of  the 
piston.     Substituting  in  formula  98, 

,,,^  __  50  X  i:  X  ^  X  (75  X  2) 
^^^  -  33;000  • 

oril  -i-  '^^>QQQ  X  ^^Q  -  1  iQQ 
''^^^-    60X75X2  "^'^^- 
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In  the  above  expression,  L  is  taken  in  feet.  It  is  more 
convenient  to  use  inches,  so  we  will  multiply  both  sides  of 
the  equation  by  12. 

12  Z^.  X  ^  =  A„.  X  ^  =  13,200. 
But  A  =  .7854  D^  and  L  =  2  D,  according  to  the  above 
assumption. 

Substituting,  LA  =  2Dx  .7854  D"  =  1.5708  D*  =  13,200. 

V  =  8,408. 

n  =  4/ M08  =  20. 33  in. 
L  =  20.33  X  2  =  40.66  in. 
Second  method.     We  may  assume  a  certain  piston  speed, 
say  500  feet  per  minute ;  then,  as  above, 

50  X  LAN 
^^^-"       33,000      • 
But  the  piston  speed  =  500  feet  =  LN. 

50X  A  X  500 


Therefore,  250  = 


33,000 


-       250X33,000      ^^^ 
^^^=     50X500     =^30sq.m, 

.7854  27' =  330 
i>'  =  420 
D  =    20^  inches. 
If  we  assume,  as  before,  75  revolutions  per  minute,  the 
length  of  the  stroke,  from  formula  1 OO,  is 

500  X  G 


75 


=  40  inches. 


EXAMPLES  FOR  PRACTICE. 

1.  The  mean  ordinates  of  two  diagrams  taken  from  each  end  of  the 
cylinder  of  an  18'  X  20'  non-condensing  engine  running  at  200  R.  P.  M. 
(revolutions  per  minute)  are  respectively  .72'  and  .76*  long.  The  scale 
of  spring  being  80,  what  is  the  horsepower  of  the  engine  ? 

Ans.  804.886  H.  P. 

2.  In  the  above  engine,  assume  the  initial  pressure  to  be  118  lb.  per 
sq.  in.,  gauge*,  the  apparent  cut-off  as  i,  and  the  clearance  as  8^. 
[a)  Find  the  theoretical  M.  E.  P.,  and  (d)  the  horsepower. 

.        j  (a)  64.41  lb.  per    sq.    in. 
•  (  (d)  881.12  H.  P. 
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&  An  engine  running  at  166  R.  P.  M.  has  a  stroke  of  d8' ;  what  is 
the  piston  speed  7  Ans.  T70  ft.  per  min. 

4  If  an  engine  has  a  piston  speed  of  960  ft.  per  min.,  and  runs  at 
72  R.  P.  M.,  what  is  the  length  of  the  stroke  ?  Ana.  80  in. 

5.  Initial  pressure,  82  lb.,  gauge;  number  of  expansions,  1.88;  back 
pressure,  42  lb.,  absolute;  what  is  the  theoretical  H.  E.  P.  ? 

Ana.  72.4841b.  per  sq.  in. 

6.  I.  H.  P.,  686.42;  piston  speed,  480  ft.  per  min. ;  M.  E.  P.,  61.15  lb. 
per  sq.  in.    Find  diameter  of  cylinder  to  nearest  i'.  Ans.  87f  in. 

7.  A  16"  X  20"  engine  develops  188  I.  H.  P.  with  85  lb.  M.  E.  P. ; 
how  many  R.  P.  M.  does  it  make  ?  Ans.  1M.2  R.  P.  M. 

8.  A  54"  X  66"  Porter-Allen  non-condensing  engine  develops  1,882.4 
I.  H.  P.,  with  an  initial  pressure  of  68  lb.,  gauge,  when  cutting  off  at 
i  stroke  and  running  at  82  R.  P.  M.  (a)  What  is  the  M.  E.  P.?  (6) 
With  a  back  pressure  of  1  lb.  above  the  atmosphere  and  a  clearance 
of  8j(,  what  would  be  the  theoretical  I.  H.  P.  calculated  by  formulas 
98  and  99  ?  a^  ( (a)  22.088  lb.  per  sq.  in. 

( (^)  1.568.1 1.  H.  P. 

9.  A  16"  X  14"  engine  runs  at  240  R.  P.  M. ;  what  is  the  piston 
speed  ?  Ans.  560  ft.  per  min« 

10.  If  the  average  M.  E.  P.  of  the  engine  in  the  last  example  is 
41.78  lb.  per  sq.  in.  and  the  diameter  of  the  piston  rod  is  4",  what  is  the 
I.  H.  P.,  taking  the  piston  rod  into  consideration  ?     Ans.  187.982  H.  P. 


1272*  From  the  measurement  of  the  indicator  dia- 
grams has  been  obtained  what  we  have  termed  the  indicated 
horsepower,  or  I.  H.  P. — that  is,  the  total  horsepower  devel- 
oped in  the  engine  cylinder.  One  portion  of  the  I.  H.  P. 
is  absorbed  in  overcoming  the  friction  of  the  engine  itself. 
The  remainder  is  available  for  doing  the  required  work. 

The  power  absorbed  by  the  engine  itself  is  termed 
friction   tiorsepo^w^er. 

The  power  available  for  doing  useful  work  is  termed  the 
net  or  actual   tiorsepo^'cr. 

1 273.  The  ac  tual  horsepower  of  any  engine  is  found  by 
first  computing  its  I.  H.  P.  from  a  set  of  indicator  cards  taken 
when  the  engine  is  running  under  full  load,  and  then  sub- 
tracting from  this  the  I.  H.  P.  computed  from  a  set  of  indi- 
cator cards  taken  when  the  engine  is  running  under  no  load, 
but  making  the  same  number  of  revolutions  per  minute  as 


STEAM  AND  STEAM  ENGINES.  669 

above.     The  horsepower  developed  by  the  engine  in   this 

last  case  will  only  be  sufficient  to  keep  the  working  parts  of 

the  engine  in  motion  at  the  same  speed.     To  produce  this 

result,  some  means  will  have  to  be  resorted  to  of  checking 

the  steam  supply.     These  will  be  discussed  later. 

Example. — Indicator  cards  taken  from  an  engine  when  running 
under  full  load,  and  having  a  piston  speed  of  498  feet  per  minute, 
showed  an  indicated  horsepower  of  242.7.  With  the  same  piston 
speed,  and  running  under  no  load,  the  indicator  cards  showed  an 
indicated  horsepower  of  75.2.  Therefore,  242.7  —  75.2  =  167.5,  which 
is  the  actual  horsepower  of  the  engine. 

1 274.  The  mecliaiiiGal  efficiency  of  an  engine  is 
the  ratio  of  the  actual  horsepower  to  the  indicated  horse- 
power; or  it  is  the  per  cent,  of  the  mechanical  energy  de- 
veloped in  the  cylinder  which  is  utilized  in  the  doing  of 
useful  work. 

To  find  the  efficiency  of  an  engine,  when  the  indicated 
and  actual  horsepowers  are  known  : 

Rule. — Divide  the  actual  horsepower  by  the  indicated 
horsepower. 

Example. — The  indicated  horsepower  of  ah  engine  is  242.7,  and  the 

197  5 
actual  horsepower  is  197.5.    Therefore,       '    =  81.38  per  cent,  efficiency. 

The  mechanical  efficiency  of  engines  in  good  order  varies  from  75  to 
90  per  cent. 

1 275.  The  tliermal  efficiency  of  the  engine  is  the  same 
as  that  of  any  other  heat  engine.     This  was  shown  in  Art. 

T  —  T 
1 1 82  to  be  — ^—rp — ^,  where  7",  is  the  absolute  temperature 

of  the  entering  steam,  and   7',  the  absolute  temperature  of 

the  exhaust  steam. 

Example. — The  pressure  of  the  entering  steam  is  100  pounds  above 

vacuum,  and  at  exhaust  it  is  16  pounds  above  vacuum;  what  is  the 

thermal  efficiency  ? 

Solution. — 

Temperature  of  incoming  steam,  from  table,  327.625°. 

**  exhaust        **  "        **       216.347"* 

Absolute  Tx  =  327.625  -f  460  =  787.625. 

r,  =  216. 347  -f-  460  =  676. 347. 

_«  .               Ti  -  r,      787.625  -  676.347      ,  .  ,. 
Efficiency  =  — j —  = 787625 ~  P^'" 
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RBADING   INDICATOR   DIAGRAMS. 

1276.  The  determination  of  the  I.  H.  P.  is  not  the 
only  or  the  most  important  function  of  the  indicator.  By 
its  use,  defects  in  steam  distribution  may  be  detected,  the 
correction  of  which  may  result  in  largely  increased  economy 
in  the  working  of  the  engine. 

The  form  of  a  good  diagram  depends  largely  upon  the 
type  of  engine,  style  of  valve,  and  speed.  The  same  style 
of  diagram  is  not  possible  or  desirable  from  all  engines. 


PIO.  971. 

Some  of  the  most  common  faults 

in  steam  distribution 

are  given 

below  : 

In 

Fig.  271,  1  is  the  admission. 

2  **    ** 

cut-off. 

S  **    ** 

release. 

4  **    <* 

compression. 

I. 

Admission   may 

be  too  early. 

II. 

((              (( 

(( 

**  late. 

III. 

Cut-off 

(( 

**   early. 

IV. 

(i      ((             (( 

<( 

**   late. 

V. 

Release           ** 

<( 

**   early. 

VT. 

(<                  (( 

<( 

''   late. 

VII. 

Compression  ** 

a 

**   early. 

VIIT. 

t(              *» 

a 

**   late. 

1277. 

Cane 

I.— The  effect  n 

IXJI] 

L  the  dia&fram  of  a  too 

early  admission  is  shown  in  Fig.  272.  It  is  seen  that  the 
admission  line  la  instead  of  being  straight  and  perpen- 
dicular to  the  atmospheric   line,   as  in   Fig.    271,    curves 
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backwards.     With  a  single  valve,   like  the  one  previously 
described,    all    of  the   other   events,    cut-off,    release   and 


Fig.  rt2. 
compression,  are  also  too  early.     The  remedy  is  to  decrease 
the  angular  advance  of  the  eccentric. 

1 278.  Case  II. — In  this  case  the  admission  is  too  late, 
and  the  admission  line  1  a,  on  sl  diagram,  will  curve  for- 
wards, as  shown  in  Fig.  273.     The  remedy  is  to  increase  the 


Fig.  273. 

angular  advance  until  the  admission  line  1  a  becomes  per- 
pendicular to  the  atmospheric  line.  It  will  be  noticed  that, 
in  the  case  of  a  too  late  admission,  the  other  events  at  2^ 
and  particularly  3  and  ^,  are  also  too  late. 

1279.  Case  III.— Cut-off  too  early.  See  Fig.  270. 
Here  the  steam  expands  below  the  back-pressure  line  and 
forms  a  loop.  This  makes  the  compression  too  early  also. 
The  figure  shown  is  drawn  as  if  there  were  no  inside  lap. 
With  lead,  the  curve  will  form  a  loop,  as  shown  at  A ;  with- 
out lead,  the  compression  line  will  extend  to  F,     The  remedy 
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is  to  reduce  the  amount  of  outside  lap.  When  computing 
the  M.  E.  P.,  the  areas  of  both  loops  mOst  be  subtracted 
from  the  area  A  B  C  A. 

1280.    Case  IV.— Cut-off  too  late.    See  Fig.  374.     Here 
It  will  be  noticed  that  the  terminal  pressure  is  very  htg'h. 


When  this  is  the  case,  a  great  deal  of  the  benefit  of  expan- 
sion is  lost,  with  its  consequent  waste  of  steam. 

Rule  for  Cases  III  and  IV. — Make  the  cards  alike  for 
both  ends  of  the  cylinder.  For  a  too  early  cut-off,  lower 
the  boiler  pressure  or  decrease  the  number  of  revolutions 
per  minute.  For  a  too  late  cut-off,  raise  the  boiler  pressure 
or  increase  the  number  of  revolutions  per  minute.  The  cut- 
off is  most  correctly  equalized  by  making  the  terminal  pres- 
sure at  both  ends  of  the  cylinder  the  same. 

Case  v.— See  Fig.  272. 

Case  VI.— See  Fig.  273. 

Rule  for  Cases  V  and  VI. — Arrange  the  valves  so  that 
one-half  of  the  fall  of  pressure  occurs  before  the  piston 
starts  back  on  the  return  stroke. 

12S1.    Case  VII. — Compression  too  early. 

Fig.  275  shows  the  effects  of  too  early  compression.  A 
loop  is  formed,  as  shown  in  Fig.  270.  The  area  of  this  loop 
must  be  subtracted  from  the  larger  area  in  computing  the 
M.  E.  1'.  With  the  same  cut-off  and  the  proper  amount  of 
compression,  the  area  gained  would  he  a  b  ^  a,  included  be- 
tween the  line  ^  a  and  the  dotted  line  a  i  4.  plus  the  area  of 
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the  loop.     The  remedy  in  this  case  is  to  decrease  the  amount 
of  inside  lap.     The  required  amount  of  compression  depends 


Fig.  2?6. 

upon  the  speed  of  the  engine,  slow-running  engines  not  re- 
quiring so  much  compression  as  the  high-speed  engines.  In 
any  case,  the  compression  should  not  extend  above  the 
initial  or  boiler  pressure. 

It  is  good  practice  to  compress  to  about  ^  the  initial 
pressure  with  high-speed  engines,  -^^^  with  medium-speed 
engines,  and  from  -^^f  to  -j^  with  slow-speed  engines. 

All  of  the  above  faults  are  due  to  valve  setting,  and  can 
be  detected  as  soon  as  the  indicator  is  applied. 

1282*  With  a  plain  slide-valve  it  will  be  found  that  if 
one  of  the  events  of  the  stroke  is  early  or  late,  the  others 


Fig.  270. 


are   liable  to  be  so  also;  for  example,  an  early  admission 
usually  produces  an  early  release  and  compression. 
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When  the  steam  line  falls  abruptly,  as  shown  in  Fig.  272, 
it  may  be  inferred  that  the  steam  is  throttled;  i.  e.,  either 
the  steam  pipe  or  the  port  is  too  small  for  the  required  duty. 
A  very  high  piston  speed  would  also  produce  this  effect. 

The  card  shown  in  Fig.  276  indicates  that  the  back  pres- 
sure is  excessive.  This  may  be  the  case  when  the  exhaust 
port  is  too  small  or  when  the  exhaust  steam  is  used  for  heat- 
ing purposes,  and,  in  consequence,  has  to  be  pushed  through 
coils  of  pipe.  

STBAM   CONSUMPTION. 

1283*  The  indicator  card  also  enables  us  to  find 
approximately  the  amount  of  steam  consumed  by  the  eng^ine. 
In  referring  to  the  steam  consumption,  it  is  customary  to 
take  as  a  unit  the  steam  consumed  per  horsepower  per  hour. 

Take  a  point  a  on  the  expansion  line  before  the  release 
(see  Fig.  277);  measure  the  pressure  from  the  vacuum 
line,  and  from  column  6  of  the  steam  table  find  the  weight 

7\ 


Fig.  277. 

of  a  cubic  foot  at  that  pressure.  The  cubic  contents  of  the 
cylinder  (including  the  clearance)  up  to  the  point  ^,  multi- 
plied by  the  weight  per  cu.  ft.,  must  give  the  weight  of 
steam  in  the  cylinder  at  this  instant.  Were  it  not  for 
compression  and  cylinder  condensation,  the  above  weight 
would  represent  the  steam  consumed  per  stroke.  On 
account  of  compression,  some  steam  is  saved  by  the  early 
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closure  of  the  exhaust  port.  To  find  its  weight,  take  a 
point  b  on  the  compression  curve,  measure  its  pressure 
from  vacuum,  as  before,  and  compute  the  weight  of  the 
steam  in  the  cylinder  up  to  b.  Subtract  this  from  the 
weight  first  obtained,  and  the  difference  will  be  the  weight 
of  steam  per  stroke,  accounted  for  by  the  indicator.  Mul- 
tiply this  weight  per  stroke  by  the  number  of  strokes  per 
hour  and  divide  by  the  I.  H.  P.  of  the  engine.  The  result 
will  be  the  steam  us^d  per  I.  H.  P.  per  hour. 

Example. — Fig.  277  represents  an  indicator  diagram  taken  from  an 
engine  with  an  18'  X  24'  cylinder,  running  at  120  revolutions  and  de- 
veloping 130  horsepower.  The  clearance  is  ^.  Find  the  steam  con- 
sumption per  I.  H.  P.  per  hour. 

Solution. — Project  the  two  ends  of  the  diagram  perpendicularly 
upon  the  vacuum  line,  as  at  e  and  h\  e  his  then  the  length  of  the  dia- 
gram. Lay  ofi  eO  equal  to  the  clearance — that  is,  equal  to  5^  of  ^  ^ 
Draw  O  Y  perpendicular  to  O  h.  Take  the  point  a,  near  the  point  of 
release,  and  measure  the  distances  a  m  and  O  m.  Take  the  point  b^ 
somewhere  on  the  compression  line,  and  measure  the  distances  b  n  and 
O  n.    The  measurements  are  found  to  be: 

am=:0.'tl  inches; 
Om  =zS.l'7  inches; 

^  «  =  0. 6    inches ; 

Oft=      i  inch. 

The  length  of  the  diagram  =  ^  //  =  B^  inches ;  the  length  of  the 

2 
stroke  is  2  feet.     Hence,  each  inch  of  the  length  of  the  card  equals  -^ 

=  .6  foot  of  stroke.  The  scale  of  the  indicator  spring  is  45.  Hence, 
the  above  measurements  reduced  to  pressures  in  pounds  per  square 
inch  and  feet  of  stroke  become : 

am=   . 71  X  45  =  31. 95  pounds ; 

bn=     .6  X  45  =  27       pounds; 

6>»i-3.17x  .6=    1.9feet; 

On=      ix  .6=     .2  foot. 

254.  47 
The  area  of  the  piston  is  18«  x  .7854  =  254.47  sq.  in.  =    ^^    =  1.767 

sq.  ft.  Consequently,  the  volume  of  steam  in  the  cylinder,  when  the 
piston  is  at  the  point  represented  by  ^?,  is  1.9  x  1.767  =  3.3573  cu.  ft. 
The  volume,  when  the  piston  is  at  b,  is  .2  x  1767  =  .3584  cu.  ft.  The 
weight  of  a  cubic  foot  of  steam  at  an  absolute  pressure  of  31.95  pounds 
per  sq.  in.  is  found  from  the  steam  table  to  be  .078723  pound;  and  at  a 
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pressure  of  27  pounds  the  weight  is  .067207  pound.  Hence,  the  weight 
of  the  steam  in  the  cylinder  is  .078723  X  3.3573  =  .264297  pound;  while 
the  weight  of  steam  saved  by  compression  is  .067207  X-3534  =  .023751 
pound.  The  steam  used  per  stroke  is,  therefore,  .264297  —  .023751  = 
.240546  pound,  and  the  amount  used  per  I.  H.  P.  per  hour  is 

.240546  X  120  X  2  X  60      ^^  ^^  . 
r^- =  26.645  pounds. 

Suppose  the  weight  of  the  steam  in  the  cylinder  to  be  calculated  by 

taking  the  point  r,  near  the  point  of  cut-off.    cp  =  1.59  inches  =  1.59  X 

45  =  71.55  pounds;  Op  =  l^  inches  =  |  X  .6  =  .8  foot  of  stroke.     The 

volume  of  steam  in  the  cylinder  when  the  piston  is  at  c  is,  therefore, 

.8  X  1.767  =  1.4136  cubic  feet.     One  cubic  foot  of  steam  at  the  pressure 

of '71.55  pounds,  absolute,  weighs  .168009  pound.     The  weight  of  the 

steam  in  the  cylinder  is,  therefore,  .168009  X  1.4136  =  .237498  pound. 

Subtracting  the  steam  saved  by  compression,   the  steam   used   per 

stroke  is  .287498  —  .023751  =  .213747  pound,  and  the  steam  per  I.  H.  P. 

per  hour  is 

.213747X120X2X60       ^.  .,_  , 
-— =  23.677  pounds 

Now,  unless  the  valve  leaks,  the  weight  of  the  steam  when  the 
piston  is  at  a  can  be  no  greater  than  when  it  is  at  r,  since  no  fresh 
steam  has  been  allowed  to  enter ;  but  the  calculation  shows  that  there 
is  .264297  pound  in  the  cylinder  when  the  piston  is  at  a,  and  only 
.237498  pound  when  the  piston  is  at  r.  This  shows  that  .264297  — 
.237408  —  .020709  pound  has  been  condensed  to  water  by  the  time  the 
piston  has  arrived  at  r,  but  has  been  re-evaporated  before  the  piston 
arrives  at  a.  Hence,  by  calculating  the  water  consumption  at  cut-off, 
and  then  at  release,  a  ^ood  idea  of  the  amount  of  cylinder  condensa- 
tion may  be  obtained.  If  the  steam  used  by  the  engine  be  actually 
caught  and  weighed  and  then  compared  with  the  weight  as  calculated 
from  release  an  idea  may  be  obtained  of  the  amount  of  condensation 
at  release.  The  computed  consumption  is  always  less  than  the  actual 
consumption. 

1284.  Where  there  is  a  sufficient  amount  of  compres- 
sion, the  work  may  l)e  simplified  by  taking  the  two  points  a 
and  /;  at  the  same  height  above  the  vacuum  line,  as  shown 
in  Fig.  27S.  Since  the  absolute  pressure  at  a  and  i  is  the 
same,  the  clearanc  e  mav  be  left  entirely  out  of  account,  and 

the  volume  to  be  used  in  the  computation  will  be  -^  times 
the  volume  of  the  c^ylinder.  or,  in  other  words,  -j-  X  length 
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of  stroke  x  area  of  piston.  When  this  method  is  used,  the 
steam  consumption  may  be  found  directly  from  the  following 
formula: 

13,750/ IV 


Q  = 


PL 


(lOl.) 


in  which  Q  is  the  number  of  pounds  of  steam  consumed  per 


Fig.  278. 

horsepower  per  hour,  W  the  weight  of  a  cubic  foot  of  steam 
at  the  absolute  pressure  ^,  and  P  the  M.  E.  P. 

Example. — From  a  card  taken  from  an  18^'  x  30'  engine,  the  fol- 
lowing measurements  were  obtained  (see  Fig.  278):  am  —  .Wi  inch; 
/=3.08  inches;  Z  =  3.5  inches;  M.  E.  P.  =35  pounds.  What  is  the 
steam  consumption  per  I.  PI.  P.  per  hour  ? 

Solution. — The  indicator  card  being  taken  with  a  45  spring,  the 
pressure  at  a  is  45  x  .667  =  30  pounds,  absolute.  The  weight  of  a  cubic 
foot  of  steam  at  this  pressure  is  .0742  jxiund.     Substituting  in  formula 


2  = 


13,750  /  \V      13.750  X  3.08  X  .0742 


PL 


35x3.5 


=  25.65  lb.     Ans. 


BXAMPLBS  FOR  PRACTICE. 

1.  Size  of  engine,  12'  X  20";  length  of  card  /.,  3.4';  length  /,  2^'; 
height  am,  \' \  R.  P.  M.,  230;  spring,  30;  M.  E.  P.,  18  lb.  per  sq.  in. 
What  is  the  steam  consumption  per  I.  H.  P.  per  hour  ? 

Ans.  25.63  lb.  per  I.  H.  P.  per  hour. 

2.  Size  of  engine,  12'  x  12';  M.  E.'p.,  51.1;  length  of  card  Z.  2.6'; 
length  /,  1.8';  height  am,  .7';  R.  P.  M..  350;  spring,  70.  What  is  the 
steam  consumption  per  I.  II.  P.  per  hour  ? 

Ans.  21.92  lb.  per  I.  II.  P.  per  hour. 


:  I  >  > 


128i8w  From  viiat  has  been  prcrioosij  stated,  it  should 
nam  be  apparent  that  the  clearance  sfaoold  be  as  small  as 
maj  be  consistent  with  oonstmctiony  and  that  the  valve 
port  opening  should  be  as  b^rgt  and  the  ports  themselves  as 
short  as  poisible*  All  these  conditions  are  fulfilled  in  Corliss 
engines.  Another  engine  vhich  fulfils  these  conditions^  and 
has  fewer  parts  in  connection  with  its  valve  gearing,  is  the 
^HTIicelocIc  engliic*  As  this  engine  is  much  used  in  rolling 
miUs  and  in  other  places  where  verj  heavy  duty  is  required, 
and  is  besides  a  fine  example  of  modem  engine  practice,  a 
brief  description  of  its  valve  gearing  will  now  be  given. 


1286«  Fig.  279  shows  a  side  view  of  the  engine  com- 
plete without  the  fly-wheel.  In  the  following  description, 
A  is  the  eccentric;  B  the  eccentric  rod;  C  the  governor; 
Jt  a  lever  to  which  the  eccentric  rod  is  attached  and  which 
alters  the  throw  of  the  eccentric  as  in  the  case  of  Fig.  257; 
/?  the^r^^xl  which  connects  this  lever  with  the  rockers  G 
and  C\  which  move  the  valves;  //  and  If'  the  crab  claws; 
/  and  /'  the  dash-pots;  /  the  pilot  valve  (or  valve  which 
admits  and  shuts  off  steam  from  the  steam  chest.  This  term 
is  used  when  a  second  valve,  called  a  throttle  valve,  is  sit- 
uated in  the  enj^ine  room,  and  which  is  used  to  shut  off  the 
steam  from  the  boiler);  K  the  governor  rod;  MM  the  floor, 
and  L  IJ  the  exhaust  pipes — two  in  this  case. 

In  V\\^.  JiHO,  a  section  through  the  valve  port  is  given, 
also  a  lop  vi(!W  of  the  valve  itself.  This  section  is  taken  at 
lh(!  l)ark  end  of  the  cylinder,  and  shows  the  steam  valve  a 
Khut,  and  the  exhaust  valve  A  open.  The  piston  is,  conse- 
ipiiMitly,  moving  to  the  right,  and  the  steam  is  flowing  into 
thc!  cxluiust  pipe  L\     The  shape  of    the    valves   is   shown 
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at  (*).     They  :iri:  fiat  jilates.     The  distance  tf  /  is  the  length 
of  the  valve,  and  o  q  the  breadth.     The  breadth,  as  will  be 
seen,  is    several    limes  the   length,  and   persons  unfamiliar* 
with  this  subject  would  naturally  call  e  q  the  length.      The 
length    of   a   valve,  however,   is   always   measured 
direction   in    which   it   moves;    hence,  p  /   is   the   length. 
Steam  is  admitted  to  the  cylinder  and  exhausted  from  it 
through  the  holes  in  the  valves.     The  form  of  those  parts 
of  the  valve  marked  d  is  clearly  shown  in  the 
Two  links,  y"and  «,  are  fitted  between  them 
and  secured  by  passing  a  round  pin  through  the  lugs  and 
links.      In  the  sectional  view,  c  and  c'  are  castings  which 
form  the  valve  seats.     The  ends  of  the  valves  o  p  and  q  r 
are  fitted  into  grooves  which  compel  any  movement  of  the 
valves  to  be  in  a  straight  line. 

Fig.  asi  shows  in  greater  detail  the  rocker  G'  and  crab 
claw  H',  Fig.  27SI.     In  Fig.  280  only  the  center  lines  i //,  hj, 
J  k,  and  k  I  have  been  given,  in  order  to  prevent  confusioa 
through  multiplicity  of  lines.     The  pins,  whose  centers  are 
//  and  /,  are  fixed  in  position,  and  the  other  three  centers 
are  movable.     The  pins  //  and  /pass  through  the  flange  P, 
and  to  them  are  rigidly  attached  the  links  ^and  s  respec- 
tively.     Suppose  the  end  i  of  the  rocker  is  caused  to  n 
the  direction  of  the  arrow;  J  and  k  will  also  move  in  the 
direction  of  the  arrows.      The  pin  A,  being  keyed   to    the 
rocker,  will  rotate  in  its  bearing  and  cause  the  small  crank 
g  (see  Fig.  280),  which  is  keyed  to  //,  to  move  downwards. 
This  forces  the  link/and  valve  b  downwards.     This  same   i 
movement  of  G'  forces  Q'  to  the  right  (see   Fig.  281), 
shown  by  the  arrow,  and  thus  rotates  the  pin  /.     This  rota-  I 
tion  of  /  causes  the  small  crank  s  (Fig.  280)  to  move  to  the  I 
left,  and  the  valve  a  to  move  upwards.      Both  valves  c 
tinue  to  move  in  the  directions  shown  until  the  point  /  ha»  | 
reached   the   extreme   of   its   travel   to   the    left,  which 
about   fiO"  from   its   present   extreme  right-hand  position. 
When  G'  starts  on  its  return  movement,  the  valves  a  and  6 
also   start   back.     Movement  is  imparted  to  G  and  G'  by 
means  of  the  eccentric  A  and  the  connections  B,  E,  and  I 
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To  understand  the  action  nf  the  governor  in  varying  the  1 
cut-off,  consider  Figs.  271)  and  281.     In  Fig,  28],  the  arm  j 
H'  h  seen  to  have  teeth  on   the  circumference  of  its  up[>er   | 
end,  which  engage  with  another  gear,  t.     This  last  gear  j 
turns  loosely  on  the  pin  /,  and  has  two  projections,  %•  and  u; 
called  /oes.     Fitting  in  crab  claw  //'  is  a  block  .f,  which  is 
kept  in  position  by  the  upper  edge  k  of  the  crab  claw.     This 
block  is  connected  to  the  dash-pot  /'  by  means  of  the  rod 
S'.     Suppose  that  part  of  the  load  on  the  engine  is  taken  , 
off;  the  speed  will  increase,  the  centrifugal  force  of  the  re- 
volving governor  balls  will  also  increase,  and,  in  so  doing, 
the  balls  fly  outwards;  raise  a  spindle,  to  which  they  are   | 
connected  by  means  of  the  lower  links,  and  cause  the  arm 
J^to  move  to  the  left  by  means  of  a  series  of  levers  not  ■ 
shown  in  the  figure.     When  /^  moves  to  the  left,  it  carries  I 
with  it  the  rod  A',  and  causes  K  and  ^v"  to  move  to  the  left  ] 
also.     This  movement  causes  the  gear  s  to  revolve  to  the    ! 
right  and  the  loose  gear  t  to  revolve  to  the  left.  The  curved 
arm  /  of  the  crab  claw  being  in  a  lower  position  than  shown, 
owing  to  a  movement  of  G'  to  the  right,  the  toe  v  strikes 
this  arm,  raises  the  crab  claw  and  disengages  the  block  Jt; 
which  is  immediately  pulled  to  the  left  by  the  dash-pot,  and 
with  it  the  arm  Q',  which  actuates  the  valve  a.     The  valve  j 
is  then  thrown  to  the  extreme  position  shown  in  Fig.  280, 
and  the  steam  is  cut  off  from  the  cylinder. 

When  the  speed  of  the  engine  is  uniform,  the  valve  cuts  ] 
off  in  the  same  manner  as  an  ordinary  slide-valve,  by  rea 
of  its  having  lap  and  lead.      The  governor  varies  the  cut-nflf 
only  when  the  speed  of  the  engine  changes. 


CORLISS    VALVE    GEAR.* 
1287.     The   CorllH»    valve    gear   is  used   in  a  large 

number  of  engines.      In  Fig.  dS2  is  shown  a  side  elevation  of 
this  valve  gear,  and  in  Pig.  383  a  section  through  the  cylinder 
and  valves.     It  has  four  separate  and  distinct  valves.     Two   i 
of  these,    7'  and  r'',  Fig.  28.1,  connect  directly  with  the  steam 
chest  (/  and  steam  pipe  s,  and  are  called  steam  valves.    They 
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[  are  rigidly  connected  with  the  cranks  jV  and. V  (Fig;.  282),  jV 
being  removed  in  order  to  show  more  clearly  the  disengaging 
link  /',  The  other  two  valves,  r  and  r',  Fig.  2B3,  connect 
directly  with  the  exhaust  chest  /and  the  exhaust  pipe  o,  and 
are  called  exhaust  valves;  they  are  rigidly  connected  with  the 
cranks.^/ and  M',  Fig.  283.     All  the  valves  are  cylindrical 

,  in  form,  and  extend  across  the  cylinder  above  and  below, 

I  respectively. 

,  Fig.  282,  is  a  disk  or  wrist-plate  which  is  made  to  rock 
upon  a  stud  C",  by  the  eccentric  rod  B,  connecting  it  with  an 
eccentric  on  the  crank-shaft. 


There  are  four  valve  stems:  E  and  E',  which  connect  the 
wrist-plate  A  with  the  bell  cranks //and  H' vl  the  steam 
valves,  and  /-'and  F'  which  connect  the  wrist-plate  A  with 
the  cranks  M  and  M'  of  the  e.xhaust  valves.  The  valve 
stemacan  be  lengthened  or  shortened  as  the  case  may  require, 
and  the  action  of  any  one  valve  regulated  independently  of 
the  other  three.  As  the  wrist-plate  .,[  rocks  backwards  and 
forwards,  the  exhaust  valves  R  and  R',  which  are  rigidly  con- 
nected with  their  cranks  jl/and  M',  rock  with  it.  The  bell 
cranks  ^and  H",  which  are  provided  with  the  disengaging 
links  shown  at  /and  /',  are  also  given  this  rocking  motion, 
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and  by  hcx>Icing  on  to  the  blocks  B  and  B",  which  are  rigidly 
connected  to  the  cranks  jVand  -V,  open  the  steam  valves 
('and  I". 

The  projections  a  and  a',  on  the  two  trip  collars  G  and  G\ 
unhfHik  these  disengaging  links  /  and  /',  after  they  have 
rotated  the  valves  /'  iind  I''  through  a  certain  angle,  and 
the  cranks  ^V  and  A"  are  pulled  back  to  their  first  positions 
by  the  vacuum  air  dash-pots  /"and  /",  against  the  resistance 
of  which  the  valve  cranks  A'  and  A"  were  raised.  The 
movements  of  the  valves  open  and  close  the  steam  and 
exhaust  iwrts  of  the  cylinder  at  the  proper  intervals.  The 
pins  of  the  valve  stems  are  so  located  on  the  wrist-plate  that 
the  steam  valves  K  and  ("have  their  quickest  movement 
while  the  exhaust  valves  A'  and  R'  have  their  slowest  move- 
ment, and  the  exhaust  valves  have  their  quickest  movement 
while  the  steam  valves  have  their  slowest  movement.  As  a 
consequence  of  this  arrangement,  the  steam  and  exhaust 
valves  have  entirely  independent  movements,  and  the  inlet 
ports  maybe  suddenly  opened  full  width  by  the  quick  move- 
ment of  the  steam  valves,  while  the  exhaust  valves  are 
practically  motionless.  The  advantage  of  this  valve  gear  is 
that  it  permits  an  earlier  cut-off,  with  a  greater  range,  a 
more  perfect  steam  distribution,  and  a  smaller  clearance  space 
than  is  attained  with  the  plain  slide-valve. 

Engines  fitted  with  the  Corliss  valve  gear  cannot  run  at 
much  more  than  OO  revolutions  per  minute. 


I 
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UOVBRKURS. 

1288.     When  a  steam  engine  is  running  at  a  uniform  | 
speed,  the  work  done  by  the  steam  in  the  cylinder  must  just  | 
equal  the  resistance  overcome  at  the  fly-wheel  rim.     Should  1 
the  resistance  become  less  than  the  work,  the  amount  of  ] 
work  in  excess  of  that  necessary  to  overcome  the  resistance 
would  cause  the  moving  parts  to  move  faster  and  faster,  and   i 
the  engine  would  "  race  "  or  "run  away,"     If,  on  the  cnn- 
trary,  the  resistance  should  exceed  the  work,  the  engine  would 
slow  down,  and  finally  stop.    The  work  required  of  the  engine 
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can  not,  of  course,  remain  always  constant;  hence,  it  is 
necessary  to  have  some  means  of  automatically  adjusting 
the  steam  supply  to  the  variation  of  the  resistance.  This  is 
accomplished  by  the  governor. 

Steam  engine  governors  may  be  divided  into  two  classes: 
(1)  tlirottlinsr  governors,  which  throttle  the  steam  in 
the  supply  pipe,  and  (2)  automatic  or  adjustable  cut-off 
srovernors,  which  regulate  the  steam  supply  by  changing 
the  point  of  cut-off  of  the  valve. 

1289*  The  ordinary  throttling  governor,  shown  in 
Fig.  242,  consists  of  a  balanced  throttle  valve  placed  on  the 
steam  pipe  s\  this  valve  is  attached  to  the  spindle  k^  at  the 
upper  end  of  which  are  the  two  fly-balls ;//, ;;/,  the  spindle  and 
fly-balls  forming  what  is  known  as  a  revolvinsr  pendulum. 
The  spindle  and  balls  are  driven  from  the  main  shaft  by  the 
belt/  and  the  bevel  wheels^.  If  the  engine  moves  faster 
than  the  desired  speed,  the  fly-balls  are  forced  to  revolve  at 
a  higher  speed,  and  will,  consequently,  move  outwards  and 
upwards  through  the  action  of  centrifugal  force.  This  forces 
the  spindle  k  downwards,  and  partly  closes  the  throttle  valve. 
The  engine  thus  takes  less  steam,  and  the  speed  falls  to  the 
desired  point,  the  governor  balls  in  the  meantime  returning 
to  their  original  position.  Should  the  resistance  become 
greater  than  the  power  of  the  engine,  it  slows  up  slightly, 
the  balls  drop  and  open  the  valve  wider.  More  steam  is 
admitted,  and  the  engine  immediately  regains  its  original 
speed.  The  chief  objection  to  the  throttling  governor  is 
that  the  steam  is  wire  drawn.  The  term  wire  drawn  is 
applied  to  any  case  in  which  the  steam  pressure  is  reduced 
owing  to  the  insufficiency  of  valve  opening.  The  term 
throttled  is  also  applied  to  such  cases.  Steam  is  more  or 
less  wire  drawn  in  all  engines  fitted  with  plain  slide  valves  — 
the  rounded  corners  on  the  diagram  prove  this;  this  is 
because  the  movement  of  the  valve  is  comparatively  slow 
when  closing  the  ports.  With  Corliss  and  other  releasing 
gear  engines,  the  valve  movement  at  cut-off  and  release  is 
very  rapid,  and  the  wire  drawing  very  slight. 
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1 290.     In  throttling  engines  (plain  slide-valve  engines),  \ 
the  steam   line  of   the  indicator   diagram   always   inclines  i 
towards  the  atmospheric  line  ] 
instead  of  being  nearly  par- | 
allel  with  it,  as  in  the  cards  I 
previously  given.     In  conse-  ' 
quence  of  this,  the  mean  ef- 
fective pressure  is  less.      An- 
other form  of  a  governor  is 
shown  in  Fig.  284.     This  is 
the     well-known     Pickering  I 
governor.      There    are    three  ] 
balls,  and    they    move     out- 
wards against  the  resistance  | 
of  gravity  and  the  three  flat  | 
springs  J,     In  so  doing  they  1 
lower   the   valves  v  and 
The  steam  enters  at  A'  flows  \ 
in    the  direction    of    the    ar- 
rows,  and  then   through   y  1 
into  the  steam  chest.     Since  [ 
steam  is  on  both  sides  of  the  | 
valves,    they    are     balanced. 
The     object     of    using    two] 
valves    instead  of   one  is   CO  J 
afford  a  large  opening  with  a  small  lift  of  the  valve. 


1291.  As  applied  to  the  Corliss  type  of  engines,  thfrj 
revolving  penduhim  or  fly-balls  vary  the  point  of  cut-uffl 
instead  of  throttling  the  steam  supply.  The  method  ofj 
operation  is  shown  in  Fig.  285;  the  fly-balls  m,  m  art 
given  a  rotary  motion  by  a  belt  and  gear  wheels,  in  thflf 
same  manner  as  in  Fig.  342. 

Let  it  be  supposed  that  the  engine  is  running  al  its  pnipcrfl 
spped.  The  fly-halls  will  then  be  held  in  their  normal  posi-1 
tion  by  the  balance  existing  between  the  centrifugal  and! 
gravity  forces  acting  on  m  and  ni.  Suppose,  now, 
speed  of  the  engine  increases  from  any  cause  whatever,  th«J 
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I  centrifugal  force  acting  on  the  fJy-balls  will  also  increase  and 
will  continue  to  pull  them  out,  that  is,  to  increase  the  diam- 
eter of  the  circle  in  which  they  rotate,  until  a  new  balance 
is  effected  between  it  and  the  attraction  of  gravity.  This 
movement  of  the  fly-balls  will  be  transmitted  to  the  lever  D, 
causing  it  to  turn  slightly  about  its  center  in  the  direction 
of  the  arrow  .V.  The  movement  of  D  will  cause  the  trip 
collars  G  and  G'  (see  Fig.  283)  to  turn  through  a  small  angle 
in  such  a  direction  that  their  projections  a  and  a'  will  unhook 
the  disengaging  links  /  and  /'  earlier  in  the  stroke.  This 
will  cause  the  point  of  cut-off  to  occur  earlier  in  the  stroke, 
and  a  decrease  in  the  speed  of  the  engine,  on  account  of  the 


reduction  in  the  amount  of  steam  admitted  to  the  cylinder, 
and  an  increased  ratio  of  expansion  of  the  steam  under  the 
same  initial  pressure.  Should  the  speed  from  any  cause 
diminish,  a  reverse  operation  would  be  the  result.  The  fly- 
balls  would  drop  slightly;  D  would  turn  as  indicated  by  the 
arrow  U,  and  the  trip  collars  G  and  G'  would  be  rotated  in 
such  a  manner  as  to  cause  their  projections  a  and  a'  to  unhook 
the  disengaging  links /and/'  later  in  the  stroke;  the  cut- 
off would  then  occur  later  in  tlie  stroke,  and  a  diminished 
ratio  of  expansion  at  the  same  pressure  would  again  bring 
the  speed  up  to  its  proper  point. 
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1292.     All  engines  which  require  a  disengagement  of 
omc  of  their  parts  in  order  to  aflfect  the  cut-off  by  the  action 


I 


uf  the  governor,  as  the  Wheelock,  Corliss,  etc  ,  jri,  ttrnicd 
releaslns  fcear  engines  in  (.ontradistinction  to  thot.e  in 
which  the  cut-off  is  affected  directly  by  the  governor,  with  out 
the  intervention  of  dash- 
pots,  cams,  weights,  etc. 
The  valve  gearing  of  this 
latter  class  is  termed  poal- 
,  tlve.  Engines  of  the  re- 
Kasing  gear  type  are 
limited  to  a  speed  of  90 
revolutions  per  minute,  or 
less,  since,  if  the  speed  is 
increasedbeyond  this  limit, 
the  valves  will  not  work 
properly.  Hence,  to  ob- 
tain a  high  piston  speed,  it 
is  necessary  to  make  the 
ari--  sometimes  required  to 
the  case  of  electric  lighting. 
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and  those  having  positive  valve  gears  respond  fully  to  all 
demands.  By  blffii  rotative  speed  is  meant  a  large 
number  of  revolutions  per  minute.  The  rotative  speed  of  a 
positive  geared  engine  may  be  400  revolutions  per  minute,  or 
more,  and  still  be  sensible  to  variations  in  the  load. 

In  automatic  cut-off  engines  having  positive  valve  gears, 
the  governors  are  of  the  type  known  as  sbaft  governors. 
There  are  many  varieties  of  the  shaft  governor,  but  only 
one  will  be  described  here. 

Fig.  286  shows  a  section  through  the  shaft  and  fly- 
wheels, and  Fig.  287  a  perspective  view  of  the  fly-wheel  to 
which  the  governor  is  attached.  Engines  of  this  class 
usually  have  two  fly-wheels — one  termed  the  goverjior  wheel 
and  the  other  the  belt  or  batid  wheel.  If  necessary,  both 
wheels  can  drive  belts,  but  it  is  not  usual  to  use  the  gov- 
ernor wheel  for  this  purpose,  unless  it  is  the  only  fly-wheel. 
By  reference  to  Fig.  286,  it  will  be  seen  that  the  crank  pin 
A  is  hollow,  and  that  a  rod  B  passes  through  it,  to  which 
is  attached  a  crank  /),  on  the  left  end.  This  crank  has  an 
enlarged  end  and  really  forms  the  eccentric,  F  being  the 
eccentric  sheave.  The  manner  in  which  the  enlarged  end 
of  D  forms  the  eccentric  is  this  :  The  center  line  of  the 
enlarged  end,  and,  consequently,  of  the  sheave  F^  does  not 
coincide  with  the  axis  of  the  engine  shaft;  hence,  since 
the  arm  D  is  always  in  the  relative  position  in  regard  to  a 
point  on  the  governor  wheel,  unless  the  governor  acts  in  a 
manner  to  be  hereafter  described,  the  distance  r  between 
these  two  center  lines  remains  the  same  as  the  crank  and 
governor  wheel  revolve.  The  distance  r  is  the  eccentric 
radius,  and  2  r  is  the  throw  of  the  eccentric  =  the  travel  of 
the  valve. 

In  Fig.  287,  C  is  a  bar  keyed  to  the  rod  B  which  passes 
through  the  crank-pin.  On  each  end  of  C  is  suspended  a 
rod ;  both  of  the  rods  arc  attached  to  the  heavy  weights  L 
and  J/,  which  are  pivoted  at  A' and  N.  S  is  a  finely  tempered 
spring  which  presses  against  the  weights.  These  two  weights 
and  rods,  the  bar  C  and  spring  5,  form  the  governor,  which 
acts  in   the    following    manner:     As   the   governor   wheel 


OTttanwdc;  Inrt,  far  a  nmJ  IkJdv  nc  fi^nt,  Ab  nmc  of 
tike  apriac  oimcjo—a  Ae  ocatnbgsl  Cotce  and  Ae  weights 
move  tmrardL  Tbe  eceoitric  is  never  in  tke  positioa 
riWwn  in  P^  S86enxfiC  wbea  tbe  online  is  notmnnii^; 
it  nmaQv  occnpies  a  pnailion  sadi  that  Ac  M^t-^nf^  f  |s 
g;reat^  when  the  **«giw  is  n'mring  ?ii^|HM«t  the  engine 
is  nmnii^  at  its  rated  ^>eed  under  its  rated  load.  The 
weights  and  the  eccentric  will  occupy  a  certain  positioa, 
and  the  ralve  will  trarel  back  and  forth  an  amoont  omres- 
pondiog  to  twice  the  distance  r,  whirfcvcr  that  may  be. 
All  the  operations  will  be  exactly  the  same  as  in  the  case 
of  the  ordinary  slide  valve  with  a  fixed  eccentria  Suppose 
that  an  extra  load  is  thrown  upon  the  en|fine.  The 
speed  will  momentarily  slacken;  the  weights  will  move 
inwards;  the  left  end  of  the  bar  C  will  turn  towards  the 
shaft  and  the  right  end  away  from  the  shaft.  This  causes 
the  rod  B  to  rotate  in  its  bearing  in  such  a  manner  that  the 
arm  which  carries  the  eccentric  is  forced  further  away  from 
the  shaft;  the  distance  r  is  increased  and,  consequently, 
the  valve  travel ;  the  cut-off  is  later ;  more  steam  is  admitted, 
and  the  engine  almost  instantly  regains  its  former  speed, 
the  weights  returning  to  their  former  position.  Should  the 
Hpced  be  increased,  the  reverse  takes  place.  The  balls  L 
and  >/  fly  outwards  and  rotate  the  lever  C,  rod  B,  and  arm  D 
in  the  opposite  direction;  the  distance  r  is  lessened;  the 
cut-itff  takes  place  earlier,  and  the  engine  regains  its  former 
H|)uvd. 

The  speed  of  the  engine  may  be  varied  by  means  of  the 
nut  /'.  By  tightening  or  loosening  F,  the  tension  of  the 
spring  is  altered,  and  with  it  the  speed  of  the  engine. 
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G,  Fig.  280,  is  an  oil  cup  which  is  supported  by  the  stand 
E.  The  oil  drops  into  the  hollow  eccentric  and  flows  down 
the  arm  D,  when  it  is  revolving,  into  the  bearing,  lubricat- 
ing the  rod  B  so  that  the  governor  may  work  freely. 


COMPOUND    ENGINES. 


1293<     The  thermal  efficiency  of  the  steam  engine  has 
. — -.      7",  can  not,  in  practice,  be  lower 


been  shown  to  be  - 


than  the  absolute  temperature  of  the  condenser.      Hence, 

T  —  T  . 

theonly  way  of  increasing  the  fraction —i-= — ^  is  to  increase 

T",,  or,  in  other  words,  to  increase  the  temperature  and, 
consequently,  the  pressure  of  the  entering  steam.  Follow- 
ing out  this  idea,  steam  pressures  have  steadily  increased 
from  8  to  10  pounds,  in  the  time  of  Watt,  to  150  to  200 
pounds  per  square  inch,  the  pressures  used  in  modern  loco- 
motives and  marine  engines.  But  here  the  e»il  of  cylinder 
condensation  again  appears;  for,  by  increasing  the  range 
of  temperature,  T,  —  7\,  the  loss  by  cylinder  condensation 
is  largely  increased.  To  see  this  clearly,  let  the  pressure  of 
the  steam  passing  into  the  condenser  be  4  pounds  above 
vacuum ;  its  temperature  is  about  153°.  Let  the  pressure 
of  the  entering  steam  be  say  (10  pounds  above  vacuum;  its 
temperature  is  about  203°.  The  fall  in  temperature  is  2(13" 
—  153°  =140'',  nearly.  Suppose,  however,  the  entering 
steam  has  a  pressure  of  200  pounds  above  vacuum ;  its  tem- 
perature would  then  be  382°,  nearly,  and  the  fall  in  temper- 
ature during  the  stroke  would  be  382°  —  153°  =  229°.  Now, 
it  is  plain  that  a  great  deal  more  of  the  incoming  steam  must 
condense  to  raise  the  temperature  of  the  cylinder  walls  back 
from  153°  to  382°,  than  to  raise  them  from  153°  to  203°. 
Htncc,  increasing  the  range  of  temperature  increases  the  loss 
due  to  cylinder  condensation. 

1 294.  To  obtain  the  advantages  of  a  high  pressure,  and, 
at  the  same  time,  avoid  the  loss  due  to  cylinder  condensa- 
tion as  much  as  possible,  the  steam  may  be  allowed  to  ex- 
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pand  successively  in  two  or  more  cylinders.  The  fall  cf 
temperature  is  thusdivided  between  the  two  or  more  cylinders 
and,  consequently,  the  loss  from  condensation  in  both,  or  all 
of  them,  is  made  considerably  less  than  it  would  be  if  the 
same  fall  of  temperature  was  allowed  to  take  place  in  one 
cylinder.  When  the  expansion  takes  place  in  two  cylinders, 
the  engine  is  said  to  be  compound  ;  if  the  expansion  takes 
place  in  three  cylinders,  the  engine  is  said  to  be  triple  ex- 
pansion, and  if  in  four  cylinders,  quadruple  expansion^ 

1295.     Compound  engines  are  usually  made  in  one 
the  other  of  the  two  types  shown  in  Fig.  288.     In  {a)  the 


I 
I 


two  cylinders  are  placed  in  line,  the  two  pistons  being  at-J 
tached  to  the  same  piston  rod.     //  is  the  cylinder  which  first 
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receives  steam  from  the  boiler;  it  is  called  the  hlich-pres- 
sure  cylinder.  After  the  steam  has  expanded  i[i  //,  it 
passes  to  the  larger  cylinder  /.,  which  is  called  the  lov^- 
prettHurc  cylinder;  from  here  the  steam  is  exhausted  into 
the  atmosphere  or  into  a  condenser. 

Fig.  288  (d)  shows  what  is  known  as  the  receiver  com- 
pound engine.  The  steam  enters  the  high-pressure  cylinder 
//  from  the  boiler;  exhausts  into  a  separate  vessel  Ji,  called 
the  receiver;  from  there  it  passes  to  the  low-pressure  cyl- 
inder L,  and  iinalty  exhausts  into  the  atmosphere  or  into 
a  condenser. 

A  receiver  compound  engine  has  two  piston  rods  and  two 
cranks;  the  cranks  may  be  placed  at  any  angle  with  each 
other.  The  compound  engine,  without  a  receiver,  may 
have  one  piston  rod  and  crank,  as  shown  in  the  tandem 
type,  or  it  may  have  two  piston  rods  and  two  cranks,  the 
cylinders  being  placed  side  by  side.  In  any  compound 
engine,  without  a  receiver,  the  two  pistons  must  begin  and 
end  their  stroke  at  the  same  time,  and  the  two  cranks  must 
be  together,  or  placed  180"  apart. 

1296.  When  one  cylinder  is  placed  behind  the  other,  as 
shown  in  Fig.  288  {a),  the  engine  is  called  a  tandem  com- 
pound. When  the  cylinders  are  placed  side  by  side,  as 
shown  in  (^),  and  the  piston  rods  are  attached  to  separate 
cross-heads,  the  engine  is  called  a  cross  compound  ;  if 
both  piston  rods  are  attached  to  the  same  cross-head,  the 
engine  is  called  a  twin  compound.  If  any  of  these  types 
of  engines  have  a  condenser,  they  are  called  tandem, 
crosS)  or  twin,  compound  condentilnic  englncB. 
Without  a  condenser,  they  are  called  non-condensing; 
enslnea.     They  all  may  or  may  not  have  a  receiver. 

1297.  Ingiving  the  size  of  a  multiple-expansion  engine, 
the  stroke  is  always  written  last.  Thus,  a  compound  engine 
whose  high-pressure  cylinder  was  11"  in  diameter,  low-pres- 
sure cylinder  20"  in  diameter,  and  stroke  15"  would  be 
expressed  as  a  11"  and  20"  x  15"  compound.  In  the  same 
manner  a  14",  23",  and  34"  X  18"  triple-expansion   engine 
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would  indicate  that  the  diameters  of  the  cyUnders  were  14", 
82",  and  34",  and  that  they  had  a  commoa  stroke  of  IS". 

1298>  The  ratfto  ot  czpanaloa  of  a  compound  or 
triple-expansion  engine  is  the  ratio  between  the  vohime  ol 
steam  exhausted  into  the  atmosphere,  (k*  into  the  condenser, 
per  stroke,  and  the  volume  of  steam  in  the  higfa^pressure 
cylinder  at  the  point  of  cut-off. 

'    Let  e  =  ratio  of  expansion  in  higb-pressare  cylinder; 
"  £=  total  ratio  of  expansion ; 
"    V  =  volume  of  cylinder    receiving  steam   from  the 

boiler; 
"    I^=  volume  of  cyUnder  exhansting  into  atmosphere, 
.  or  condenser. 

Then,£  =  -^;    (102.) 

that  is,  the  total  ratio  of  mx-ptauimtf  or,  as  it  ii  usually 
expressed,  the  nvmbcr  of  cxpanalonst  is  equal  to  the 
ratio  of  expansion  of  the  small  cylinder  multiplied  by 
the  ratio  between  the  volumes  of  the  two  cylinders.  The  total 
ratio  of  expansion  in  a  compound  engine  depends  only  upon 
the  relative  volumes  of  the  cylinders,  and  the  point  of  cut- 
off in  the  high-pressure  cyUnder;  it  does  not  depend  at  all 
upon  the  point  of  cut-off  in  the  low-pressure  cylinder. 
The  number  of  expansions  in  a  compound  engine  varies  from 
6  to  12;  in  a  triple-expansion,  from  10  to  25. 

Example. — It  is  desired  tn  have  a  total  ratio  of  expansion  of  9;  the 
number  of  expansions  in  the  high-pressure  cylinder  is  2.72:  the  volume 
of  the  high-pressure  cylinder  is  6  cu.  f  I.  What  must  be  the  volume  of 
the  low-pressure  cylinder  ? 

Solution.— £■=»;  ^  =  2.78;  v  =  a. 


Substituting  in  formula  102,  0  = 


'  Tn  ' 


Example. — The  low-pressure  cylinder  Is  four  times  as  large  as  the 
high-pressure  cylinder,  and  the  real  cut-off  of  the  latter  is  {.  Wliat  is 
the  total  ratio  of  expansion  ? 

Solution.—  ^  =  r  =  t  =  ^^ 
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BXAMPLBS  FOR  PRACTICE. 

1.  A  compound  engine  has  cylinders  15"  and  25"  diameter  by  20" 
stroke;  that  is,  its  size  is  15"  and  25"  X  20 '.  The  clearance  in  the  high- 
pressure  cylinder  is  14j^,  and  the  apparent  cut-off  is  ^.  What  is  the 
number  of  expansions  ?  Ans.  6.69. 

2.  A  28' \  48",  and  74"  X  60"  triple-expansion  engine  cuts  off  at  | 
stroke  in  the  high-pressure  cylinder.  Clearance  in  the  high-pressure 
cylinder,  2%.     Find  the  number  of  expansions.  Ans.  17,  nearly. 

3.  If  the  26",  40",  60",  and  70"  X  72"  quadruple-expansion  engine  at 
the  World's  Fair  cut  off  the  steam  in  the  high-pressure  cylinder  at  i 
stroke,  and  the  clearance  in  that  cylinder  was  d%,  what  was  the  total 
number  of  expansions  ?  Ans.  26f ,  nearly. 

COMPOUND  BNGINB  DIAGRAMS. 

1299.  In  Fig.  289  are  shown  the  ideal  diagrams  of  a 
tandem  compound  engine,  neglecting  clearance  and  com- 

A B 


f     f  O  <fe  M 

Fig.  280. 

pression.  A  B  C  D  is  the  diagram  from  the  high-pressure 
cylinder.  Steam  enters  at  the  boiler  pressure  O  A\  at  B^ 
cut-off  occurs,  and  the  steam  expands  along  the  line  B  C 
to  the  end  of  the  stroke.  The  steam  and  expansion  lines  A 
B  and  B  C  are  precisely  like  those  of  a  simple  engine. 
At  C,  the  exhaust  opens.  Instead,  however,  of  exhaust- 
ing into  the  atmosphere  or  a  condenser,  the  steam  exhausts 
into  the  low-pressure  cylinder.  The  low-pressure  cylinder 
is  always  larger  than  the  high-pressure  cylinder;  conse- 
quently, the  volume  of  steam  exhausting  from  the  high- 
pressure  into  the  low-pressure  cylinder  is  constantly- 
increasing.  This  is  shown  in  Fig.  290,  when  the  two 
pistons  are  at  the  end  of  the  stroke,  as  shown  at  {a)^  the 
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steam  simply  fills  the  sm;ill  cylinder  //;  but  at  the  middle 


I 


r-^'     ^ 

u-^^  ,  r 

steam 


tZJ 


Cji 


o.. 


at  («), 
half  of  {rf)and  also  1 
of  {6).  Hence,  its  i 
ume   grows  greater  ; 

the  two  pistons 
the  right. 


J 


300.       Returning 

o  Fig.  289,  the 
steam,  when  the  piston 
is  at  the  end  of  I 
stroke  c,  just  fills  i 
small  cylinder;  on  the  return  stroke,  however,  as  has  just 
been  shown,  the  volume  increases,  and  hence  the  pressure 
falls,  as  shown  by  the  back  pressure  line  C  D.  At  the  < 
D  of  the  return  stroke,  steam  again  enters  the  right  sidi 
of  the  cylinder  //  from  the  boiler  and  raises  the  pressure  t 
A,  thus  completing  the  cycle  of  operation. 

C  D  H  L  represents  the  card  from  the  low-pressure  cylin-^ 
der  L.     Since  the  high-pressure  cylinder  exhausts  directljaf 
into    the    low-pressure  cylinder,   the  back    pressure  of 
former  must  be  the  same  as  the  forward  pressure  of  the^ 
latter.     Hence,  C  />  is  both  the  back  pressure  line  of  H  and 
the  expansion  line  of   L.     At  the  end  of   the  stroke, 
pressure  drops  Prom  D  to  //,  0  If  being  the  pressure  in 
condenser.     The  remainder  of  the  diagram  is  the  same  a 
that  of   a   simple   engine.     In   the   above  description, 
common  length   O  M  of  the  two  diagrams  has  been  takei 
proportional  to  the  length  of  stroke. 

Suppose  now  that  the  length  of  each  diagram  be  taken  t 
represent  the  volume  of  the  cylinder  to  which  it  belong&il 
Let  0  M  represent  the  volume  of  the  high-pressure  cylinder.! 
Suppose  that  the  volume  of  the  low-pressure  cylinder  i: 
3   times  the  volume   of   the   high-pressure   cylinder, 
length  of  the  low-pressure  diagram  must  then  be  3  tiraefl 
that  of  the  high-pressure  diagram.     From  O  lay  oS  O  Nss^ 
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3x0  M,  and  project  the  expansion  line  C  D  into  the  line 
E  F.  This  is  done  by  dividing  the  line  O  M  into  a  conven- 
ient number  of  equal  parts,  in  this  case  8,  and  O  N  into  the 
same  number  of  equal  parts.  At  the  points  of  division  r,  e\ 
etc.,  erect  ordinates  cutting  C  D'\n  c^  c\  etc.  At  the  points 
of  division  O,  N  erect  ordinates  f  a^  /'  a\  etc.  Through 
r,  c\  etc.,  draw  lines  parallel  to  M  N,  cutting  a  f  m  a, 
a*  f  in  a\  etc.;  a,  a\  etc.,  will  be  points  on  the  required 
line  E  F.  E  and  F  are,  of  course,  opposite  C  and  D, 
E  F  G  H  represents  the  low-pressure  card  to  the  same  scale 
of  pressures  and  volumes  that  A  B  C  D  represents  the  high- 
pressure  card — E  F  G  H  has  been  laid  off  to  the  left  oi  O  A 
simply  for  convenience. 

1301.  The  two  diagrams  may  be  combined  into  one  in 
the  following  manner :  Draw  a  horizontal  line,  as  a  d,  inter- 
secting both  diagrams.  The  volume  of  steam  in  the  high- 
pressure  cylinder  at  the  pressure  e  c  =  O  b  is  represented 
by  the  length  b  c\  the  volume  of  steam  in  the  low-pressure 
cylinder  at  the  same  pressure  is  represented  by  a  b.  Hence, 
the  total  volume  of  steam  at  the  pressure  in  question  is 
ab-\-bc  =  ac.  From  c,  lay  o^  c  d  =  a  b\  then,  a  b  -\-  be  = 
b  c -{- cd  =  b  d  =:  volume  of  steam  at  pressure  Ob.  In  the 
same  manner  find  that  b'  d'  equals  the  volume  of  steam  in 
both  cylinders  when  the  pressure  is  represented  by  O  b'.  By 
finding  a  sufficient  number  of  these  points,  d^  d\  etc.,  the 
curve  C  K  may  be  drawn.  This  curve  represents  the  rela- 
tion between  the  common  pressure  in  the  two  cylinders  and 
the  total  volume  of  steam  in  both  cylinders,  and  it  will  be 
found  that  it  is  simply  a  continuation  of  the  expansion  curve 
B  C  oi  the  high-pressure  cylinder.  It  is  seen  that  the 
combination  of  these  two  diagrams  forms  one  large  diagram, 
A  B  C K I H A^  equal  in  area  to  the  sum  of  the  areas  .'1  BCD 
and  E  F  G  H  \  for  the  mean  ordinates  of  E  F  G  H, 
C  D  H  L^  and  C  K  I  L  are  equal  from  the  nature  of  the 
construction;  hence,  representing  the  mean  ordinate  by  //, 
the  area  oi  E  F  G  H  =  h  X  G  If  )  oi  C  DHL  =  hx  H L. 
and  of  C  KIL  =  hxLI.     But  G  H=  '6  H  L  and  Z /- 2 


L 
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H  L\  consequently,  area  EFGH=ihY.%HL 
=  h  y.  H  L  ^  h  V.  ^l  H  L  =  area  C  H  I  K. 
length  of  the  large  diagram  represents  the  volume  of 
the  low-pressure  cylinder,  while  the  initial  pressure  0  A 
is  the  boiler  pressure  of  the  steam  entering  the  hign-pres- 
sure  cylinder. 

The  ratio  of  expansion  of  the  compound  engine  of  Pig. 

■iS'J  is  --f-j  If  the  large  diagram  A  B  K  I H  A  be  con 
sidered  as  the  diagram  of  a  single  engine,  the  ratio  of  ex- 
pansion is  also  -T-Ty     A  single  engine  giving  the  large  coni' 

bined  diagram  A  B  K I H  A  will  do  the  same  work  as  the 
compiiund  engine  giving  the  two  diagrams  A  B  C  D  and 
E  F  G  H ;  but,  in  order  that  a  single  engine  may  giv 
diagram  A  B  K I H  A,  the  volume  of  its  cylinder  mu 
represented  by  /// — that  is,  it  must  be  equal  to  the  volume 
of  the  low-pressure  cylinder  of  the  compound  engine,  and, 
further,  it  must  work  with  an  initial  pressure  O  A  equal  to 
the  boiler  pressure  of  the  compound. 

The  horsepower  of  a  compound  engine  is  approximately 
equal  to  the  horsepower  of  a  single  engine  having  a  cylinder 
equal  in  volume  to  low-pressure  cylinder  of  f he  compound,  and 
working  with  the  same  ratio  of  expansion  and  with  the  same 
boiler  pressure. 

In  general,  it  is  customary  to  calculate  the  horsepower  of 
a  compound,  triple,  or  quadruple-expansion  engine  as  if  the 
total  expansion  took  place  in  the  cylinder  exhausting  into 
the  condenser.  This  will  give  a  rough  approximation  to 
the  true  horsepower,  which  will  usually  be  less  than  tho 
calculated  value. 

Example, — The  low  pressure  cylinder  of  a.  compound  eng^ine  is ! 
X40'.     The  boiler  pressure  is  100  pounds  {gauge)  and  the  number 
expansions  8.     Find  the  approximate  horsepower,  assuming  the  num* 
ber  of  revolutions  per  minute  to  be  60. 

Solution— Absolute  pressure /*=  100 -Fl4.7  =  ]U.71b.;  take  back 
pressure  p,  equal  to  3  lb.  for  condensing  engine;  ratio  of  expauBitU 
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Substituting  in  formula  99, 
.9X114.7(1 +  2.8  log 8) 


8 


—  9  X  8  =  87  pounds,  nearly. 


=  817.016  H.P.  Ans. 


Now,  using  formula  98, 

PL  A  N_  37  X  40  X  80»  X  .7854  X  60  X  2 
LH.F.-    ^^^    -  33,000X12. 

1302.     Fig.  291  shows  the  ideal  diagram  of  a  tandem 
compound  engine,  taking  clearance  and  compression  into 

Y 

A  B 


Fig.  291. 

account.  The  steam  and  expansion  lines  A  B  and  B  C  oi 
the  high-pressure  cylinder  are  similar  to  those  of  a  single 
engine.  At  C  the  pressure  drops  slightly  as  the  steam  is 
admitted  to  the  low-pressure  cylinder.  The  back-pressure 
line  of  the  high-pressure  card  and  the  expansion  line  of  the 
low-pressure  card  are  parallel,  the  slight  difference  between 
them  being  due  to  the  resistance  of  the  pipe  connecting  the 
cylinders.     At  E  the  steam  is  cut  off  from  the  large  cylinder^ 
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and  is  compressed  in  the  small  cylinder,  and  in  the  pipe  con 
necling  the  two.  At  /-"the  exhaust  closes,  and  the  steam  is 
compressed  in  the  small  cylinder  alone  from  F  to  G;  at  G 
fresh  steam  again  enters. 

When  the  cut-off  of  the  low-pressure  cylinder  occurs  as  at 

S,  the  steam  already  in  the  cylinder  expands,  following  the 

irdinary  equilateral  hyperbola  5  7".     At    7"  release  takes 

«iid  the  pressure  falls  to  the  pressure  of  the  condenser. 

lainder  of  the  card  is  t*"-  =ame  as  for  a  simple  engine. 

1303.  In  Fig.  292  is  shown  a  diagram  taken  from  an 
actual  engine.  The  similarity  between  it  and  the  theoretical 
diagram  of  Fig.  201  will  readily  be  seen. 


Fig.  103. 

1304.  The  action  of  the  steam  in  a  receiver  cross-com- 
pound engine  may  perhaps  be  better  shown  by  assuming 
certain  conditions  to  be  fulfilled,  and  from  them  working 
out  the  theoretical  diagram. 

Suppose  that  the  volume  of  the  low-pressure  cylinder  is 
12  cu.  ft. ;  that  the  volume  of  the  high-pressure  cylinder  is 
4  cu.  ft.,  and  that  the  volume  of  the  receiver  isalso4cu.  ft.; 
that  the  steam  is  to  be  cut  off  in  the  high>pressure  cylinder 
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at  i  stroke,  and  in  the  low  pressure  cylinder  at  ^  stroke ;  that 
the  boiler  pressure  is  100  pounds  absolute,  and  the  cranks 
make  an  angle  of  90°  with  each  other.  Neglect  clearance 
and  compression.  The  stroke  of  the  high-pressure  cylinder 
begins  at  A  (see  Fig.  293),  the  pressure  at  A  being  100  lb. ; 
at  B  cut-off  takes  place,  and  the  steam  expands  along  the 
equilateral  hyperbola  B  C,  The  volume  of  steam  at  C  is 
3  times  that  of  B,  and,  since/,  7\  =/,  ?'„  the  pressure  at  C 

-=  33.3  pounds.     The  steam  is  released  at  C,  and 


IS 


3 


passes  into  the  receiver,  where  it  mixes  with  steam  at  re- 
ceiver pressure.  In  order  to  find  the  resulting  pressure  of 
the  mixture  of  the  steam  in  the  high-pressUre  cylinder,  and 
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the  steam  in  the  receiver,  it  will  first  be  necessary  to  find  the 
pressure  of  the  latter.  The  total  ratio  of  expansion  is  found 
as  follows:  The  volume  of  the  high-pressure  cylinder  at  cut- 
off is  f  cu.  ft. ;  volume  of  low-pressure  cylinder  is  12  cu.  ft. ; 
number  of  expansions  =  12  -t-  ^  =9.  If  clearance  had  been 
taken  into  account,  the  above  would  be  modified  to  a  certain 
extent.  It  can  be  proven  that  the  receiver  exerts  no  effect 
whatever  upon  the  number  of  expansions  or  upon  the  final 
terminal  pressure.  This  is  true,  no  matter  what  the  size  of 
the  receiver  may  be. 

Hence,  the  terminal  pressure  in  the  low-pressure  cylinder 
IS  J^"-  =  11.1  pounds.  Since  the  low-pressure  cylinder  cuts 
off  at  ^  stroke,    the  pressure   at   the  point   of  cut-off   is 
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J  pounds, 

^k  gram  is 


11.1  X  1  =/  X  i,  or/  —  22.2,  the  volume  of  steam  at  cut-ofl 
being  half  that  at  end  o(  stroke.  Now,  just  before  cutting 
off,  the  low-pressure  cylinder  was  receiving  steam  froi 
receiver;  hence,  the  pressure  in  the  receiver  at  the  instaoti 
of  cut-off  in  the  low-pressure  cylinder  is  22,3  pounds, 
the  cranks  are  at  right  angles  to  each  other,  the  high-pres- 
sure piston  is  just  at  the  end  of  its  stroke  when  cut-o 
occurs  in  the  low-pressure  cylinder.  Hence,  the  steam  aC 
33.3  pounds  pressure,  on  being  released  from  the  high-pres- 
sure cylinder,  rushes  into  the  receiver  and  mixes  with  the 
steam  at  22. 2  pounds  pressure.  The  pressure  of  the  mixture 
is  found  from  formula  63,  Art.  1062, 

The  volume  of  steam  in  the  high-pressure  cylinder  having 
a  pressure  of  33.3  lb.  is  4  cu.  ft.,  and  that  in  the  receiver 
having  a  pressure  of  33.2  lb.  is  4  cu.  ft.  The  low-pressure. 
cylinder  being  cut  off,  the  total  volume  of  the  mixture  is 
8  cu.  ft. 

Substituting,  8  x/'=  4X32.2 +  4  X  33.3,  or P^  27.751b. 
The  pressure  thus  drops  from  C  to  I>.  The  steam  is  now 
compressed  in  the  high-pressure  cylinder  and  receiver  by  thai 
return  stroke  of  the  high-pressure  piston.  The  volume  ( 
steam  at  Z*  is  8  cu.  ft. ;  when  the  piston  has  completed  on< 
half  of  its  return  stroke  the  volume  is  4-|-2  =  0  cu.  ft. j 
hence,  the  pressure  is  27.75  x  |  =  37  lb.,  as  shown  at  S^, 
Since  at  E  the  high-pressure  piston  is  at  the  middle  of  its 
return  stroke,  the  low-pressure  piston  must  be  at  the  begin- 
ning of  its  return  stroke.  The  steam  in  the  receiver  and 
high-pressure  cylinder  is  now  admitted  to  the  other  end  of 
the  low-pressure  cylinder,  its  volume  increases  as  shown  in 
Fig.  200,  and  its  pressure  falls  accordingly,  as  shown  by  the 
line  £  F,  which  is  a  part  of  the  back-pressure  line  of  the  high- 
pressure  diagram,  and  the  steam  line  of  the  low-pressuraa 
diagram.  The  pressure  at  /^  has  already  been  found  to  1 
22.3  pounds,  and  the  terminal  pressure  at  7"  to  be  11. ij 
pounds.  Hence,  the  expansion  line  of  the  low-pressure  dia 
gram  is  an  equilateral  hyperbola  through  F  and  T.     At  3 


STEAM  AND  STEAM  ENGINES. 


703 


the  pressure  drops  to  that  of  the  condenser,  about  3  pounds; 

the  remainder  of  the  card  is  the  same  as  for  a  simple  engine. 

In  Fig.  294  is  shown  a  diagram  from  a  compound  marine 


Fig.  294. 


engine.     It  will  be  readily  seen  that  it  quite  closely  resembles 
the  theoretical  diagram. 


USUAL  MBTHOD  OF  COMBINING  THB  CARDS. 

In  order  to  show  the  usual  method  of  combining  the  cards 
of  a  multiple  (two  or  more)  expansion  engine,  Figs.  294, 
295,  and  296  have  been  drawn.  In  Fig.  205,  H  is  a  diagram 
from  the  high-pressure  cylinder  of  a  Porter-Allen  tandem- 
compound  condensing  engine,  and  L  is  a  diagram  from  the 
low-pressure  cylinder.  When  taking  cards  from  compound 
or  other  multiple-cylinder  engines,  it  is  usual  to  use  different 
springs  in  each  indicator  on  the  different  cylinders  in  order 
to  have  the  height  of  the  cards  as  nearly  alike  as  possible. 


ro-1 
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since  the  larger  the  diagram,  the  more  clearly  can  the  various 
points  about  the  diagram  be  seen.  The  lengths  of  all  the 
cards  are  made  the  same,  if  possible.  In  the  present  case 
the  lengths  of  both  cards  are  nearly  the  same,  but  a  iJO 
spring  was  used  to  take  the  card  H,  and  a  20  spring  for  the 
card  L.  Reducing  Z-  to  a  GO  spring  by  dividing  the  atmos- 
pheric line  A  B   into  10  equal  parts,  and  making  the  ordi- 


nates  through  these  parts  {^  =  ^  as  long,  Pig.  296  is  obtained 
by  simply  placing  the  atmospheric  line  of  one  card  upon  that 
of  the  other. 

1305.  In  order  to  study  the  effects  of  the  expansion, 
and  to  determine  whether  the  points  of  cut-off  have  been 
properly  located,  the  two  diagrams  shown  in  Fig,  296  must 
be  combined  into  one  diagram.  It  should  be  noted  that  the 
two  diagrams  in  Fig.  29C  are  precisely  the  same  as  if  both 
had  been  taken  with  a  GO  spring,  and  one  laid  upon  the  other 
so  that  their  atmospheric  lines  coincided.     The  i 
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engine  data  are  as  follows :  Diameter  of  high-pressure  cylin- 
der, 24  in. ;  of  low-pressure  cylinder,  46  in. ;  stroke,  43  in. ; 
clearance  of  high-pressure  cylinder,  t^;  of  low-pressure 
cylinder,  2^.     From  this  it  is  seen  that  the  volume  of  the 


low-pressure  cylinder  (piston  displacement)  is  3.6G,  say  3f 
or  -V"  times  that  of  the  high-pressure  cylinder.  The  actual 
volume  of  the  clearance  in  both  cylinders  is  about  the  same, 
since  .07  -i-  -V-  —  -^^  —  ^^  °^  *^*  low-pressure  cylinder  vol- 


Fio.  an, 
ume,  nearly.     In  order  to  prevent  the  great  length  of  the 
cards,  by  increasing  the  length  of  the  low-pressure  card  an 
amount  corresponding  to  the  ratio  of  the  volume  of  the  low- 
pressure  to  the  high-pressure  cylinders,  it  is  usual  to  have 
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the  low-pressure  card  as  shown  in  Fig,  2%,  and  decrease  the 
length  of  the  high-pressure  card  an  amount  corresponding 
to  the  ratio  of  the  cylinder  volumes.      This  has  been  done  in 
Fig.  297,  and  in  the  following  manner:  Divide  A  B  ir 
Fig.  295,  into  10  equal  parts  and  erect  ordinates  at  the  points  1 
of  division.     Make  C  B,  Fig.  297,  equal  in  length  to  ^  of  I 
A  B,  same  figure,  and  divide  C  B  into  10  equal  parts.     Draw  i 
ordinates  through  the  points  of  division  on  C  B,  and  make  I 
them  equal  in  length  to  the  corresponding  ordinates  on  H^A 


\ 


■■--.-■.-J 


^L  no  volun 

H  cut-off  i 

1^ 


Fig.  295.  Trace  a  line  through  the  extremities  of  these  \ 
ordinates,  and  the  result  will  he  D  E  F  G  D,  ot  the  high- , 
pressure  diagram  reduced  to  the  volume  of  the  low-pressure 
cylinder.  E  is  the  point  of  cut-off  in  the  high-pressure  cyl- 
inder, /A"  the  clearance  line  {D  K  hemgl^  ot  A  B),  and/// 
is  the  vacuum  line.  With  /as  the  point  of  no  pressure  and 
volume,  pass  an  isothermal  curve  through  the  point  o 
£,  thus  obtaining  the  dotted  line  J  E  L,     If  t 


point  of  ^1 

J 
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were  no  losses,  the  area  D/L  NMD  would  represent  the 
work  done  by  the  steam,  and  the  difference  between  this 
area  and  the  area  of  the  shaded  portions  represent,  approx- 
imately, the  various  losses.  As  will  be  seen,  this  loss  is 
comparatively  small,  and  could  be  made  still  smaller  by 
making  the  cut-off  in  the  low-pressure  cylinder  a  trifle  later. 
In  a  manner  entirely  similar  to  that  just  described,  the 
cards  of  a  triple  or  quadruple  expansion  engine  are  com- 
bined. Fig.  298  shows  the  combined  cards  taken  from  a 
Reynolds  -  Corliss  triple  -  expansion  condensing  pumping 
engine.  The  diameters  of  the  cylinders  were  28,  48,  and 
74  in.,  and  the  stroke  was  60  in.;  the  clearance  was  1.4j<, 
1.5fiy  and  .77j^,  respectively. 

1306.  Katio  of  Cylinders. — The  ratio  between  the 
volumes  of  the  two  cylinders  is  so  chosen  that:  1,  the  power 
is  divided  as  equally  as  possible  between  them ;  2,  the  initial 
strains  in  the  two  cylinders  may  be  the  same ;  3,  the  drop  of 
pressure  between  the  high-pressure  cylinder  and  the  receiver 
may  be  as  small  as  possible.  Numerous  rules  and  formulas 
are  used  for  this  purpose.  One  rule  is  to  make  the  number 
of  expansions  in  the  high-pressure  cylinder  2.72.  Substi- 
tuting this  in  formula  102,  ^ 

V  V        E 
£=2.72-,  or  -  =  -^.  (103.) 

V  2/2.72  ^  ' 

Example. — What  should  be  the  ratio  between  the  volumes  of  the 
two  cylinders  if  the  total  number  of  expansions  be  10  ? 

V         F  10 

Solution. =  n^n  =  n  nn  =3.68.     Ans. 

Another  rule  is  to  make  the  required  ratio  equal  to  the 
square  root  of  total  ratio  of  expansion ;  that  is, 

V 


V 


=  VT.  (104.) 


Using  the  formula  in  the  last  example, 

—  =  |/Z  =  V'^IO  =  3.  IG.     Ans. 

V 
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S  FOR  PBACTICE. 

1.  A  componnd   engine   ia    lo  be    designed.      The  high-pn 
cylinder  is  to  be  IT'  :<  W,  with  an  apparent  cut-oi{  of  .4.  anil  a  c1« 
ance  of  10$.     The  total  number  of  expansions  is  to  be  T.     What 
be  the  ate  uf  the  low-pressure  cylinder  having  the  same  stroke  ? 

Ans.  30.334'  X  20%  say  SOJ"  x  20*. 

2.  Calculate  the  above  by  formula  103.  Ans.  27^'  x  30". 

3.  The  low-pressure  cylinder  of  a  compound  engine  is  44'  X  36'. 
What  must  be  the  diameter  of  the  high-pressure  cylinder  In  order  that 
there  may  be  8  expan^ons,  with  .88  cut-off  and  13  <  clearance  in  the 
high-pressure  cylinder  ?  Ans,  23.28',  say  23^'. 

4.  An  II'  and  2S^'  x  18'  compound  engine  has  ISi  clearance  in  tlwj 
high-pressure  cylinder.  Find  Ihe  point  of  apparent  cut-uS  so  that 
there  may  be  9  expansions.  Ans.  39.6;t  of  the  stroke,. 


i 
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1307.  The  actual  I.  H.  P.  of  a  compound  or  triple-, 
expansion  engine  may  be  obtained  from  the  indicator  cards. 
The  method  used  is  best  shown  by  an  example. 

A  triple-expansion  engine  has  the  volume  of  its  cylinders 
in  the  ratio  1  :  2^- :  6^;  that  is,  the  low-pressure  cylinder 

0^  limes  as  large  as  the  high-pressure  cylinder,  and  ^  =  iff 

times  as  large  as  the  intermediate  cylinder.  The  low-pres* 
sure  cylinder  is  40'  X  40'.  The  engine  makes  120  revolu- 
tions per  minute.  On  measuring  the  actual  cards  it  is 
found  that  the  M.  E.  P.  of  the  high-pressure  cylinder  is 
80.5  pounds;  the  M.  E.  P.  of  the  intermediate  cylinder, 
37.5  pounds,  and  of  the  low-pressure  cylinder,  16.13  pounds. 
What  is  the  I.  H.  P.  of  the  engine  ? 

It  would  be  possible  to  calculate  the  I.  H.  P.  by  finding 
the  work  exerted  by  each  cylinder  separately,  as  if  it  were 
the  cylinder  of  a  simple  engine,  and  then  adding  the 
together.  It  is,  however,  easier  to  reduce  all  the  pressun 
to  the  area  of  the  low-pressure  cylinder.  This  is  done  bj' 
dividing  the  M.  E.  P.  of  each  cylinder  by  the  ratio  between' 
its  volume  and  the  volume  of  the  low-pressure  cylinder. 
the  present  case  the  M.  E.  P.  of  the  high-pressure  cylinder' 
is  ao.5.      The  volume  of  the  low-pressure  cylinder  is  6.25 
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times  that  of  the  high-pressure  cylinder,  or,  what  is  the 
same  thing,  the  area  of  the  low-pressure  piston  is  6^  times 
that  of  the  high -pressure  piston.  Therefore,  to  produce 
the  same  work,  the  M.  E.  P.,  when  acting  in  the  low-pres- 
sure cylinder,  must  l'^-^-^  of  what  it  was  in  the  high-pres- 
sure cylinder.  The  M.  E.  P.  of  the  small  cylinder  reduced 
to    the    area    of  the   low-pressure  cylinder   is,  therefore, 

^-^  i=  12.88  pounds.     Likewise  the  M.  E.  P.  of  the  inter- 

37.5 


mediate,  reduced  to  the  low-pressure  cylinder,  i 


a.  5 


-15 


pounds.  The  M.  E.  P.  of  the  low  pressure-cylinder,  of 
course,  remains  the  same.  The  total  M.  E.  P.,  reduced  to 
the  low  pressure -cylinder,  is,  therefore,  12.88 -|- 15 -J- 
10.13  =  44  pounds.  Now,  substituting  this  M.  E.  P.,  the 
area  of  the  low-pressure  cylinder,  the  length  of  stroke  and 
revolutions  per  minute  in  formula  98. 

PLAN      44X4I1X  40' X.  7854X120X3 


I.  H.  P.=  - 


33,000 


13  X  33,000 


=  l,.340.4a. 


1308>     Fig-  299  shows  an  elevation  of  a  tandem  com- 
pound non-condenslnE  engine,  in  which  a  is  the  high- 


pressure  cylinder,  which  is  placed  behind  the  low-pressure 
cylinder  b.  Many  makers  prefer  to  place  the  large  cylinder 
behind,  since   it  is  then   easier  to  remove  the  pistons  and 
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examine  the  cylinders  in  case  of  repairs.  When  the  small 
cylinder  is  behind,  it  must  be  entirely  removed  from  the 
engine  before  the  pistons  can  be  taken  out,  while,  if  the  large 
cylinder  is  behind,  the  small  piston  can  be  pulled  out.  The 
steam  pipe  is  shown  at  ei,  and  the  e.thaust  pipe  at  e.  After 
the  steam  has  expanded  in  a,  it  is  discharged  through  the 
connecting  pipe  c  into  the  steam  chest /of  the  low-pressure 
cylinder.  After  doing  its  work  in  b,  it  is  exhausted  into  the 
condenser  or  atmosphere  through  the  pipe  e.  As  will  be 
seen,  a  shaft  governor  is  used.  Both  pistons  are,  of  course, 
attached  to  the  same  piston  rod. 

Fig.  300  shows  a  horizontal  section  taken  through  the 
center  line  of  the  cylinders  of  this  engine.  The  live  steam 
fills  the  space  5,  S,  5,  but  has  no  communication  with  the 
pipe  C,  which  leads  to  the  steam  chest  F  oi  the  low-pressure 
cylinder,  being  prevented  from  entering  C  by  the  plate  H. 
The  exhaust  port  G,  however,  connects  directly  with  Cso 
that  the  steam,  after  expanding  in  A,  exhausts  through  G 
into  Cand  fills  the  apace  7",  T,  T,  from  whence  it  passes  to 
the  cylinder  B,  Both  valves  /  and  /  are  moved  by  the 
;  valve  stem  K.  Since  the  valves  present  many  pecul- 
iarities over  those  before  mentioned,  a  detailed  description 
of  them  will  now  be  given.  The  ordinary  D  slide-valve  is 
subjected  to  a  great  pressure  by  the  steam  on  its  back. 
Thus,  if,  in  a  large  engine,  the  valve  is  say  10'  long  by 
14'  wide  and  the  boiler  pressure  is  100  lb.,  the  pressure  on 
the  back  of  the  valve  when  in  its  central  position  is 
10  X  14  X  100  =  14,000  pounds,  or  7  tons.  This  great 
weight  causes  the  valve  seats  to  wear  very  fast,  and,  as 
they  do  not  wear  evenly,  they  soon  leak  badly.  To  obviate 
difficulty,  what  are  termed  balanced  valves  are 
employed.  Of  this  type  are  the  valves  shown  in  Fig.  300. 
Here  flat  plates  i  and  J/ are  placed  on  top  of  the  valves. 
The  plates  and  valves  are  ground  together  so  that  they  fit 
perfectly,  and  no  steam  can  get  on  the  back  of  the  valves. 
For  convenience  only  the  valve /will  be  described  in  con- 
nection with  the  balancing.  The  flat  plate  L  is  called  a 
pressure  plate,  and  is  prevented  from  pressing  the  valve 
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vitb  gmt  force  ti>  ks  seaz.  ovi^  to  ike  stcsm  pressoic  < 


the  baci  of  tiK  pfate  lir  r 


icf  Acfaok.V.      There   i 


1  tbc  Talre  is  ocdo-  to  keep  H  tn  its  J 
9K3tL,  2nd  tUs  V  fmiahtd  hj  tbe  Q>niig  ^.  The  valvel 
woold  ttin  be  ■nbabnced  from  bcncalh  if  the  bottom  of  tbe  J 
preannv  pbte  were  a  perfectly  wnoolh  sarface :  for.  when  to,] 
ibe  poaitim  ciiova,  tbe  steam  fining  tke  parts  P  and  /"l 
pTfci  upwards  against  the  Tali^anil  forces  it  against  Ihel 
pressure  plate.  To  coontenKt  this,  recesses  /  and  /',  bar-  / 
tag  the  same  vidth  and  length  as  the  steam  ports  P  and  f,  i 
are  cut  in  the  presEnre  plate  and  steam  is  aDowed  to  cnteri 
each  from  tbe  corresponding  ports  P  and  P",  which  antfl 
exactly  opposite  the  recesses.  For  the  same  reason,  tbs^ 
iKCKiAfi^  balances  the  exhaust  steam  entering  the  port  P'. 

13O0>     By  using  balanced  valves,  another  advantage  is  J 
obtained  besides   the   deirea;.ed   wear;  vix,,  the   governor  1 


parts,  eccentrics,  etc.,  can  be  made  much  lighter.     A  pre*J 
sure  plate  shimUl  not  be  used   unless  some  provision  hat 
\tvv\\  mndc  for  allowing  the  valve  to  be  raised  from  its  seatj 
in  I'lisc   water  should  be   formed  in   the    cylinder    by 


STEAM  AND    STEAM   ENGINES.  riH 


I 


T14  STEAM  AND  STEAM   ENGINES. 

cimdensation  of  steam.  In  the  present  case,  this  is  provided 
by  the  spring  f,  which  will  allow  the  pressure  plate  and  valve 
to  be  raised  together  should  water  collect  in  the  cylinder. 
Another  iieculiarity  of  the  high-pressure  cylinder  valve  is 
that  it  has  three  points  or  openings  for  the  admission  of 
steam  to  the  cylinder.  This  is  clearly  shown  in  Fig.  301, 
which  shows  the  valve  and  piston  in  position  at  the  com- 
mencement of  the  stroke.  The  three  points  of  admission 
are  secured  by  making  the  valve  hollow  and  allowing  the 
steam  to  enter  at  a  and  b,  flow  through  the  valve  and  into 
the  steam  port,  as  shown  by  the  arrows.  The  object  of  this 
is  to  allow  a  wider  port  opening  without  a  corresponding  in- 
crease in  the  travel  of  the  valve. 

Fig.  3(12  shows  a  section  of  a  trlple-expaasloa  marine 
engine.  Marine  engines  are  always  of  the  vertical  type, 
since  a  vertical  engine  occupies  much  less  floor  space  than  a 
horizontal  engine  of  the  same  capacity.  A  is  the  high-pres- 
sure, B  the  intermediate,  and  C  the  low-pressure  cylinder. 
The  cranks  are  placed  120°  apart ;  hence,  when  the  piston  in 
A  is  beginning  its  stroke,  the  pistons  in  B  and  C  are  on  the 
same  level,  one  having  traveled  j  and  the  other  J  of  its 
stroke.  The  steam  exhausts  from  .-/  into  B\  from  B  into  C 
and  from  C  into  the  condenser.  The  valves  (not  shown  in 
their  proper  positions)  consist  of  pistons  connected  by  a  rod. 
They  are  moved  by  means  of  the  stems  h  which  are  con- 
nected to  eccentrics  on  the  shaft  S  in  the  usual  manner.  A 
glance  at  the  cut  will  show  that  these  valves  are  perfectly 
balanced.  The  shaft  S  Is  made  considerably  larger  than 
necessary  for  strength  in  order  to  obtain  a  greater  bearing 
surface  and  thus  reduce  the  amount  of  wear  due  to  friction. 
It  is  also  made  hollow  to  reduce  the  weight. 

The  route  of  the  steam  through  a  triple  engine  may  be 
more  clearly  seen  in  Fig.  303,  which  represents  a  plan  and 
elevation  of  the  cylinders  of  a  marine  engine  (not  the  one 
of  Fig.  302). 

Steam  from  the  boiler  enters  the  two  ends  of  the  high- 
pressure  steam  chest  H,  through  the  pipe  A  A'.  It  is 
exhausted  from  the  center  of  the  steam  chest  through  B  to 


^k  pressure    stea 

^^  exhausted  frc 
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the  two  ends  of  the  intermediate  steam  chest  /  P.  Alter 
expanding  in  the  intermediate  cylinder,  it  exhausts  from  the 
middle  of  /through  the  pipe  C  into  the  low-pressure  steam 
chest  L ;  and  finally  from  L  through  the  pipe  D  into  the 
condenser  M.  After  condensing  in  Jf^  the  steam,  in  the 
form  of  water,  is  pumped  out  of  the  condenser  into  the  hot 
well,  and  from  there  into  the  boiler. 

It  may  be  observed  that  the  steam  chest  /has  two  piston 
valves.  In  large  triple-expansion  engines,  each  cylinder  may 
have  two  or  even  more  piston  valvea 


MBCEL4NICS  OP 


#1* 


8TBAM  ENGINB. 


1310.    In  Fig.  S04,  let  O  C  represent  the  crank;  then, 
the  circle  C  C  M  represents  the  path  of  the  crank-pin. 


Fig.  301. 

The  steam  exerts,  through  the  piston,  piston  rod,  and  connect- 
ing-rod, a  pressure  on  the  crank-pin  C.  Let  it  be  assumed 
that  the  connecting-rod  is  very  long,  so  that  the  direction 
of  the  pressure  on  the  pin  is  always  horizontal. 

Now,  when  the  crank  is  in  the  position  O  C\  the  horizon- 
tal pressure  of  the  steam  simply  produces  a  pressure  on  the 
bearing  of  the  crank-shaft ;  there  is  no  tendency  whatever 
to  turn  the  crank  around  O  as  a  center,  and  it  is,  therefore, 
said  to  be  on  the  dead  center.     When  the  crank  is  in  the 
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position  O  C  all  the  pressure  of  the  steam  on  the  piston  is 
expended  in  turning  the  crank  around  (9  as  a  center,  and 
there  is  no  pressure  on  the  bearing.  This  is  because  the 
direction  of  the  pressure  at  this  point  is  at  right  angles  to 
the  crank,  or,  in  other  words,  tangent  to  the  crank  circle. 

When  the  crank  is  in  some  other  position,  as  O  C^  there 
will  be  a  tendency  to  turn  the  crank  around  O  as  a  center, 
and  also  to  produce  a  pressure  on  the  crank-shaft  bearing. 
To  find  the  magnitudes  of  these  forces  tending  to  rotate  the 
crank  and  tending  to  produce  a  pressure  on  the  bearing, 
proceed  as  follows:  Let  C  E  represent  to  some  scale  the 
horizontal  pressure  of  force  on  the  crank-pin  at  C.  The 
turning  force  acts  in  the  direction  of  the  tangent  C  D,  while 
the  force  which  produces  the  pressure  on  the  bearing  acts 
along  the  crank,  or  in  the  direction  C  O,  The  force  C  E 
may  be  resolved  in  the  two  directions  C  D  and  C  O  by  means 
of  the  parallelogram  of  forces.  From  E^  draw  E  P  parallel 
to  C  D  and  E  D  parallel  to  C  O,  Then,  C  D  is  the  tangen- 
tial or  turning  force,  and  C  P  the  force  producing  pressure 
on  the  bearing,  both  to  the  same  scale  as  C  E. 

Let  a  be  the  angle  C  O  C  which  the  crank  makes  with  the 
horizontal.  C  E  and  C  O  are  parallel,  and  C  P  and  C  O 
are  parallel  (coincide);  hence,  by  geometry,  C  O  C  and 
P  C  E  are  equal,  or  angle  a  =  angle  a\ 

Tangential  force  =  C  D=E  P=z  CE  sin  ECO=CE 
sin  a,  or  tke  force  tending  to  turn  the  crank  is  equal  to  the 
horizontal  force  on  the  crank-pifi  multiplied  by  the  sine  of  the 
angle  which  the  crank  makes  with  the  horizontal. 

When  the  crank  is  at  C  (9,  ^?  is  0 ;  therefore,  sin  rt:  is  0  and 
the  tangential  force  is  0,  as  it  should  be.  When  the  crank  is 
at  O  C'f  a  is  90°,  sin  a  is  1,  and  the  tangential  force  is  the 
same  as  the  horizontal  force. 

The  radial  force,  or  the  force  which  produces  pressure  on 
the  bearing,  may  be  shown  in  the  same  manner  to  be  equal 
to  the  horizontal  force  multiplied  by  the  cosine  of  the  angle 
which  the  crank  makes  with  the  horizontal,  thus, 

Radial  force  =  C  P=  C  E  cos  E  C  O  =  C  E  cos  a. 
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ExAUPLR. — The  horizontal  force  on  the  crank-pin  is  6,000  pounds. 
What  will  be  the  tangential  and  radial  forces  when  the  crank  makes 
an  angle  of  60'  with  horizontal  direction  of  the  force  ? 

Solution.— rt  =  60';  sin  a  =  .866;  cos  a  =  .5. 

Tangential  force  =  6,000  X  sin  a  =  6.000  X  -666  =  5.196  lb. 

Radial  "     =6,000xcosa  =  0,000X.5     =  3,000  lb. 

1311.  A  diagram  showing  the  tangential  pressure  for 
every  position  of  the  crank  may  be  easily  constructed,  as 
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follows:     For  simplicity,  assume  the  piston  pressure  to  be 
constant  throughout  the  stroke,  as  shown  by  the  indicator 
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diagram  or  card,  Fig.  305  (d) ;  suppose,  also,  that  the  connect- 
ing rod  is  very  long,  so  that  the  direction  of  pressure  is 
always  horizontal.  Let  the  length  of  the  crank  be  O  A; 
then,  with  O  as  a  center  and  O  A  a.sa.  radius,  describe  one- 
half  the  crank-pin  circle  A  B  C,  Let  O  a  represent  the 
uniform  pressure  s  v  and  describe  the  semicircle  a  b  c. 
Divide  a  b  c  ov  A  B  C  into  a  convenient  number  of  equal 
parts  (12  is  most  convenient),  and  through  each  division 
draw  the  radial  lines  0  1^  O  2^  O  3^  etc.,  prolonging  them 
beyond  ABC.  From  the  points  where  these  radial  lines 
intersect  the  semicircle  a  b  c  drop  perpendiculars  on  line  a  c. 
Then,  each  perpendicular  represents  the  tangential  compo- 
nent of  the  pressure  when  the  crank  is  in  that  position.  For 
example,  when  the  crank  is  at  O  8\  the  length  3'  n  repre- 
sents the  tangential  pressure,  since 

3*n  =  O  3'  sin  3' O  n=0  a  sin 3'0  n  =  horizontal  pressure  X 

sine  of  crank  angle. 

Now,  lay  off  these  perpendiculars,  each  on  its  own  radial 
line  outwards  from  the  crank-pin  circle  ABC;  that  is,  lay 
off  3'n  on  the  radial  line  O  3,  the  length  3-3"  being  made 
equal  to  the  length  3'n, 

We  thus  obtain  the  series  of  points  7,  ^,  3^  etc. ;  the  curve 
A  D  Cy  drawn  through  these  points,  will  represent  the  tan- 
gential pressures  for  all  points  of  the  stroke. 

It  will  be  noticed  that  at  A  and  C,  the  dead  points,  the 
tangential  pressure  is  0,  and  at  D  it  is  equal  to  the  horizon- 
tal pressure. 

In  Fig.  305  (r),  the  tangential  pressure  diagram  is  repre- 
sented with  a  straight  base.  The  semicircle  ABC  has 
been  straightened  out,  the  ordinates  1-1" ,  2-2" ^  etc.,  remain- 
ing the  same  as  before. 

Since  the  ordinates  of  {c)  represent  the  tangential  pres- 
sures on  the  crank  to  the  same  scale  that  the  ordinates  of 
{b)  represent  pressures  on  the  piston,  and  since  the  length 
A  C  represents  the  distance  passed  through  by  the  crank  to 
the  same  scale  that  V  U  represents  the  distance  passed 
through   by   the    piston,    it   follows   that   the    area  of   (r) 
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represents  the  work  done  by  the  crank-pin  during  a  half 
revolution  of  the  crank,  or  during  one  stroke  of  the  piston. 

The  work  done  on  the  piston  by  the  steam  must  be 
equal  to  the  work  given  up  by  the  crank-pin.  Therefore, 
since  (b)  and  (c)  have  the  same  scale  of  pressures  and  dis- 
tances, since  (6)  represents  the  work  done  on  the  piston  and 
(c)  represents  the  work  done  by  the  crank-pin,  their  areas 
must  be  equal ;  and  so  they  will  be  found  to  be  by  actual 
measurement. 

The  '*  mean  ordinate  "  of  {c)  may  now  be  found  from  the 
above  considerations.     The  length  of  the  semicircle  A  B  Cot 

(a)  is  —  times  the  length  of  the  diameter  A  C;  but  the  base 

A  B  C  oi  the  diagram  (r)  is  equal  in  length  to  the  semicircle 
A  B  C^  and  the  length  V  U  oi  {V)  is  equal  to  the  diameter 
A  C,  since  both  represent  the  length  of  stroke.    Therefore,  the 

base  A  B  C  oi  (r)  is  —  times  as  long  as  the  base  U  V  oi  {b\ 

hi 

The  area  of  {b)  and  (r)  are  the  same;  consequently,  the 
mean  ordinate  of  (p)  must  be  —  times  that  of  (r),  or  S  F  = 

At 

^A  M:  therefore,  A  M= . 

The  mean  ordijiaie  of  the  diagram  of  tangential  pressures 

2 
on   the  crank'pifi  is  always  —  times  the  mean   ordinate  or 

TT  ■ 

jM,  E,  p.  of  the  indicator  card. 

In  both  {a)  and  (r),  M  F  N  is  the  line  of  average  tan- 
gential pressures,  and  in  both  cases  is  drawn  parallel  to 
A  B  C  Rt  ii  distance  from  it  equal  to  the  mean  ordinate  A  M, 

The  case  just  described  is  much  simpler  than  is  ever  met 
with  in  practice.  The  pressure  of  the  steam  is  rarely  con- 
stant throughout  the  whole  stroke,  and  the  connecting  rod 
is  never  so  long  that  the  pressure  exerted  by  it  on  the  crank 
pin  may  be  regarded  as  always  horizontal. 

1312.  In  order  to  apply  the  foregoing  principles  to  an 
actual  case,  it  is  necessary  to  use  the  net  pressure  (forward 
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pressure,  less  the  back  pressure  on  the  other  side  of  the 
piston)  on  the  piston  during  one-half  a  revolution.  This  is 
easily  done  by  combining  the  two  curves  A  B  C  D  and 
K  L  C  My  Fig.  267  (which  represent  the  steam  pressure  on 
opposite  sides  of  the  piston  during  the  forward  stroke),  as 
shown  in  Fig.  306,  where  A  B  a  c  represents  A  B  C  D^  and 
e  f  a  b  represents  K  L  C  M.  Joining  A  and  c  and  b  and 
c  by  straight  lines,  the  figure  is  completed.  Any  ordinate, 
^sg  ky  measured  to  the  scale  of  the  indicator  spring,  is  the 
net  pressure  on  the  piston  urging  it  ahead  when  it  occupies 
the  position  of  h  of  its  stroke.     The  net  pressure  is  0  at  a^ 


Attn. 


Vac, 
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i.  e.,  the  pressure  is  the  same  on  both  sides  of  the  piston. 
Between  a  and  b  c  the  net  pressure  is  negative,  or,  in  other 
words,  the  back  pressure  is  greater  than  the  forward  pres- 
sure, and  the  piston  is  carried  to  the  end  of  its  stroke  solely 
by  the  energy  stored  in  the  fly-wheel. 

1313*  Let  us  now  take  a  diagram  of  net  pressures  on 
the  piston  like  the  one  in  the  figure  just  shown,  and,  assum- 
ing the  connecting-rod  to  be  four  times  the  length  of  the 
crank,  work  out  the  corresponding  diagram  of  tangential 
pressures. 
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The  diagram  or  card  is  shown  at  {a)  Fig.  307.  At  any 
convenient  distance  below  the  card,  draw  a  line  C  Y  parallel 
to  the  atmospheric  line  of  the  cards.  Project  the  two  ends 
of  the  card  down  on  C  Y,  locating  the  points  A' and  1'.  Lay 
off,  on  the  line  C  Y,  Y  A=  X  C  =-^  X  Y  =  ^O  A  =  lY,^ 
length  of  the  connecting-rod.  Take  the  point  O  midway 
between  A  and  C,  and  with  O  As&a,  radius,  strike  the  semi- 
circle A  G  C.  X  Know  represents  the  length  of  the  stroke 
to  the  scale  of  the  diagram,  and  A  S  C  the  path  of  the  crank- 
pin.  Divide  A  6  C'into  a  convenient  number  of  equal  parts, 
and  through  the  points  of  division  draw  the  radial  lines  O  1, 
0  3,  OS,  etc.,  prolonging  them  some  distance  beyond  the 
aemicircle.  Now  find  the  positions  of  the  piston  corre- 
Bponding  to  the  crank  positions  O  1,  O  3,  etc.  This  may  be 
done  by  taking  the  length  ./4  I' of  the  connecting-rod  with 
a  pair  of  dividers ;  then,  placing  one  leg  of  the  dividers  on 
1,  3,  3,  etc.,  in  succession,  strike  off  the  piston  positions  /', 
£',  3'  on  the  line  X  Y.  The  tangential  pressure  may  be 
found  in  the  following  manner:  Suppose  it  is  desired  to  find 
the  tangential  pressure  on  the  crank  when  it  is  in  the  posi- 
tion 0  2.  The  pressure  on  the  piston  at  this  pojnt  is  shown 
on  the  card  to  be  e/.  Lay  off  from  O  the  length  c/on  the 
radial  line  O  3,  thereby  obtaining  the  length  O  s.  Draw  in 
the  connecting-rod  22',  and  through  s,  draw  .r  /  parallel  to 
Sf  and  intersecting  the  vertical  line  0  6'  t.  Then,  0  /  is 
the  tangential  pressure  to  the  same  scale  that  e  f=  O  s\% 
the  pressure  on  the  piston.  When  the  crank  is  at  7  the 
piston  is  at  T ,  and  the  pressure  on  it  from  the  card  is  g  h. 
O  s'  is  laid  off  on  (9  7  equal  to  g  h,  s'  t'  is  drawn  parallel  to 
7  7';  then,  0  t'  is  the  tangential  pressure  on  the  crank  when 
it  is  in  the  position  0  7.  In  this  manner,  the  tangential 
pressure  can  be  found  for  all  positions  of  the  crank,  and,  be- 
ing laid  off  radially  from  the  crank-pin  circle,  as  in  the  pre- 
vious case,  they  form  the  curve  A  it'  1'  k  C.  At  k,  the 
pressures  on  both  sides  of  the  piston  are  equal,  and,  conse- 
quently, the  tangential  pressure  is  zero.  The  point  k  in 
(J))  is  determined  by  dropping  a  perpendicular  from  k  to 
X  Y,  and  with  the  point  of  intersection  as  a  center  and  a 


radius  equal  to  the  length  of  the  connecting-rod,  describe 
an  arc  cutting  C  G  A  in  k.  Beyond  /■,  the  back  pressure 
exceeds  the  forward  pressure,  and  the  tangential  pressure 
must  be  laid  off  below  the  semicircle  C  k  G  A,  a.?,  shown. 
As  before,  the  semicircle  A  6  C  may  be  laid  out  straight, 
and  the  diagram  shown  in  (r)  obtained.  The  area  of  the 
iattef  will  again  be  found  to  be  equal  to  the  area  of  the  dia- 
gram (rt).  The  line  M  N,  as  before,  represents  the  aver- 
age tangential  pressures  on  the  crank-pin.  It  is  usually 
good  plan  to  find  the  crank  and  piston  positions  at  cul-o 
and  get  the  tangential  pressure  at  that  point,  since  a  sharp 
change  in  the  curve  will  there  occur,  as  shown  in  the  ligui 

1314.  The  load  on  the  engine,  or  the  resistance  against 
which  the  engine  works,  is  nearly  always  constant.  That 
is,  it  requires  a  practically  constant  force  to  drive  the  shaft' 
ing  or  machines.     It  is,  therefore,  very  desirable  that  the 


Fig.  306. 

force  turning  the  crank-shaft  should  be  as  nearly  constant 
as  possible.  It  has  been  shown  by  the  diagrams  of  Figs. 
305  and  307  that  this  tangential  force  is  very  far  from  being 
constant;  that  at  the  dead  points  it  is  zero  and  near  the 
middle  of  the  stroke  it  is  greatest.  It  can  now  be  shown 
why  compound  and  duplex  engines,  which  have  their  cranks 
at  right  angles,  possess  advantages  over  the  simple  engine. 
In  Fig.  308  is  shown  a  diagram  for  a  cross-compound  engine 
with  cranks  at  right  angles.  When  one  crank  is  beginning 
its  stroke,  the  other  is  at  the  middle  of  the  stroke,  and 
versa.  Therefore,  when  the  curve  of  one  crank  touches  the 
base  line,  as  at  m,  the  other  will  be  at  or  near  its  highest 
position,  as  at  n.  Now,  adding  the  corresponding  ordinatea 
of  the  two  curves  together,   we  obtain  the  dotted  ciirvft 
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which,  therefore,  represents  the  total  tangential  pressure 
tending  to  turn  the  crank-shaft.  Il  is  apparent  at  a  glance 
how  much  more  nearly  constant  is  the  tangential  pressure 
of  the  compound  engine  diagram  as  compared  with  the  tan- 
gential pressure  of  the  simple  engine  diagram.  Conse- 
quently, with  the  same  steam  pressure  and  weight  of  fly- 
wheel, the  compound  or  duplex  engine  with  crank  at  90° 
will  run  more  steadily  than  the  simple  engine,  while  a  triple- 
espansion  engine  with  3  cranks,  making  angles  of  120°  with 
each  other,  will  run  steadier  than  the  compound. 

1315.  A  tandem  compound  enginealsohasamechanical 
advantage  over  the  simple  engine,  as  a  little  consideration 
will  show.  It  was  proven  in  Art.  1301  that  a  compound 
engine  was  equivalent  to  a  simple  engine  whose  cylinder  was 
of  the  same  dimensions  as  the  low-pressure  cylinder,  and 
which  expanded  its  steam  the  same  number  of  times  as 
the  compound.  For  convenience  of  illustration,  assume  the 
cut-off  in  the  high-pressure  cylinder  to  be  J,  and  that  the 
ratio  of  the  volumes  of  the  two  cylinders  is  1 :  4;  that  there 
is  no  clearance  and  no  receiver;  that  there  is  no  loss  of  pres- 
sure due  to  wire-drawing,  friction,  etc.,  and,  finally,  that  the 
steam  is  carried  full  stroke  in  the  low-pressure  cylinder. 
The  total  number  of  expansions  is  8,  3  in  the  small  cylin- 
der and  4  in  the  large  cylinder.  Assume  the  steam  pressure 
to  be  130  pounds,  absolute,  and  the  absolute  back  pressure 
to  be  15  pounds.     Denote  the  area  of  the  large  piston  by  A  \ 

then,  the  area  of  the  small  piston  is  — .  The  terminal  pres- 
sure in  the  small  cylinder  is,  evidently,  60  pounds,  and  this 
is  the  initial  forward  pressure  in  the  large  cylinder  and  the 
initial  back  pressure  in  the  small  cylinder. 

First  consider  the  simple  engine.  The  initial  forward 
pressure  is  120  pounds  and  the  back  pressure  15  pounds; 
hence,  the  net  pressure  urging  the  piston  ahead  is  120  — 
15  =  105  pounds.  The  total  force  acting  on  the  piston  is 
105^. 

Considering   the   compound   engine,   the   initial  forward 
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pressure  in  the  small  cylinder  is  120  pounds;  the  back  pres- 
sure fiO  pounds,  and  the  net  pressure  120  —  liO  —  60  pounds. 

Since  the  area  of  the  small  piston  is  — ,  the  total  force  tend- 
ing to   drive  the   small    piston   forward  is  fiO  X  -j  =  15  A. 

The  initial  forward  pressure  in  the  low-pressure  cylinder  is  j 
CO  pounds,  the  back  pressure  is  15  pounds,  and  the  net  pres- 
sure urging  the  piston  ahead  is  (10  —  15  ^=  45  pounds  The 
total  force  tending  to  drive  the  large  piston  forward  is  45  A 
The  total  initial  force  acting  on  both  pistons  of  the  compound 
is  45  A  -\- ISA  =  no  A;  in  the  simple  engine  it  was  105  A. 
Since  the  greatest  strains  occur  when  the  forces  which  pro- 
duce them  are  greatest,  it  is  evident,  from  the  above,  that  \ 
the  various  parts  of  a  compound  engine  (connecting-rod, 
crank,  shaft,  etc.)  will  not  need  to  be  made  so  large  as  in  a  , 
simple  engine  having  the  same  mean  effective  pressure,  and 
the  volume  of  whose  cylinder  equals  the  volume  of  the  low- 
pressure  cylinder.  This  is,  however,  a  disadvantage  when 
the  engine  has  a  very  heavy  load  to  start,  as  in  the  case  of 
a  locomotive,  for  in  that  case  the  compound  engine  might 
not  be  able  to  start,  although  it  could  keep  itself  in  motion 
after  it  had  once  been  started. 


CONDENSERS. 

1316.     It  has  been  shown  that  the  thermal  efficiency  of  | 

the  steam  engine,  — '-j^ — *,  may  be  increased  by  either  rais-  ] 

ing  the  temperature,  T",,  of  thelive  steam,  orby  lowering  the  ] 
temperature,  7"„  of  the  exhaust  steam.     T",  may  be  raised  by 
increasing  the  boiler  pressure  of  the   steam;   7",   may   be  J 
lowered  by  using  a  condenser. 

In  non-condensing  engines — that  is,  engines  which  arc  not  j 
supplied  with  a  condenser — the  steam  is  exhausted  into  the  j 
atmosphere,  and  therefore  the  exhaust  steam  must  have, 
at  least,  the  pressure  of  the  atmosphere;  in  practice  the  I 
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back  pressure  of  steam  inr  a  non-condensing  engine  is  scarcely 
ever  less  than  16  pounds  above  vacuum,  and  is  oftener  17 
pounds  or  more.  In  good  condensing  engines  the  back 
pressure  is  often  as  low  as  2  pounds  above  vacuum. 

131 7.  Suppose  that  the  boiler  pressure  of  the  steam  is 
80  pounds  absolute,  the  temperature  corresponding  to  the 
pressure  is,  from  the  steam  table,  311.9®  F.,  and  the  absolute 
temperature  is,  therefore,  4G0°  +  311.9°  =  771.9°  F.  The 
absolute  temperature  corresponding  to  a  pressure  of  17 
pounds  is  460°  +  219.5°  =  079.5°  F.,  and  corresponding  to  a 
pressure  of  3  pounds  is  460°  +  141.7°  =  001.7°  F.  The 
thermal  efficiency  of  the  engine,  if  non-condensing,  is 

r, -T;      771.9-079.5      ,..  ^       'f        A       '       .     o 

'  J. — '  = =  12^,  nearly ;    if  condensing  to  3 

\       u    w        u       «•            •     ^, -^,      771.9-001.7 
pounds  absolute,  the   efficiency  is     *  ... — -  = 

=  22^. 

1318.  The  increase  of  economy  by  the  use  of  the  con- 
denser may  be  shown  in  another  manner.  Let  A  BC D E F^ 
Fig.  309,  be  an  indicator  card  from  a  non-condensing  engine. 
MN'is  the  atmospheric  line  and  (9  Jf  the  vacuum  line.     The 
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back  pressure,  as  shown  by  the  card,  is  O  S.  The  area  of 
the  card  represents  to  some  scale  the  work  done  per  stroke. 
Now  let  a  condenser  be  attached  to  the  engine.  The  back 
pressure  will  be  lowered  to  O  Z",  the  line  H  K^  instead  of 
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D  E,  now  being  the  lower  line  of  the  card,  and  A  B  C H K. 
will  be  the  new  card,  its  area,  as  before,  representing  the 
work  done  per  stroke.  Hence,  by  adding  a  condenser  to  the 
engine,  the  work  per  stroke  has  been  increased  by  an  amount 
represented  by  the  area  F  E  D  H  K  L,  the  steam  con- 
sumption remaining  the  same.  Suppose  the  steam  to  be  cut 
off  at  a  point  /',  making  the  area  of  the  card,  A  PG  If  K L, 
equal  to  the  area  of  the  original  card,  ,-/  B  C  D  E F.  Then,, 
the  work  per  stroke  is  the  same  in  both  engines,  but  the 
condensing  engine  uses  an  amount  of  steam  per  stroke  rep- 
resented by  the  length  A  P,  while  the  non-condensing  engine 
uses  an  amount  represented  by  A  £.  Either  case  shows  the 
economy  of  the  condenser. 

1319.  There  are  two  types  of  condensers  in  general 
use:  The  surface  condenser  and  the  Jet  condenser. 

In  the  former,  the  exhaust  steam  comes  in  contact  with  a 
large  area  of  metallic  surface,  which  is  kept  cool  by  contact 
with  cold  water.  In  the  latter,  the  exhaust  steam,  on  enter- 
ing the  condenser,  comes  in  contact  with  a  jet  of  cold  water. 
In  either  case,  the  entering  steam  is  condensed  to  water, 
and,  in  consequence,  a  partial  vacuum  is  formed.  If  a  suf- 
ficient amount  of  cold  water  was  used,  the  steam  on  entering, 
would  instantly  condense,  and  a  practically  perfect  vacuunr 
would  be  obtained,  were  it  not  for  the  fact  that  the  feed 
water  of  the  boiler  always  contains  a  small  quantity  of  air, 
which  passes  with  the  exhaust  steam  into  the  condenser,  and 
therefore  partially  destroys  the  vacuum.  To  get  rid  of  thi 
air,  the  condenser  is  fitted  with  an  air  pump,  which  pumps  on 
both  the  air  and  the  water,  into  which  the  steam  condenses, 

1320.  The  Surface  Condenser. — Pig.  310  is  a  per- 
spective view  of  the  Wheeler  surface  condenser.  Fig.  31 
is  a  sectional  view  of  the  same.  The  cold  condensing  watcT 
is  drawn  from  some  water  supply  through  Jlf,  and  forced  by 
the  circulating  pump  Q  into  the  inlet  Cof  the  condenser. 
From  C  the  water  is  forced  to  the  chamber  F,  and  flows, 
indicated   by  the  arrows,   through   the  inner  tubes  of  the 
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lower  layer  of  double  tubing  to  the  k-ft,  and  having  passed 
through  their  entire  length,  it  returns  through  the  space 


between  the  outside  of  the  inner  and  inside  of  the  outer  tubes 
into  the  chamber  G.  Fig,  313  shows  more  clear!/  the 
arrangement  of  this  "double  tubing."  From  6^  (Fig.  311) 
it  passes  through  E  to  H,  and  from  //  to  /  through  the 


^L  upper  layer  of  double  tubing,  as  has  already  been  explained. 
^^k  From  /,  it  is  discharged  through  the  nozzle  D,  carrying  with 
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it  all  the  heat  it  has  received  by  c 
two  layers  of  double  tubing. 


"f   "T 


^=5^3 


Flc.  3li 

The  nozzle  at  A  is  connected  with  the  exhaust  pipe  of  the " 
steam  cylinder  of  an  engine.  The  movement  of  the  air 
pump  piston  0  draws  air  through  the  orifice  5  from  the 
condenser  cylinder  and  discharges  it  through  the  valves  and 
nozzle  A'  in  a  manner  clearly  indicated  by  the  arrows.  The 
valves  S'  and  V  are  opened  and  closed  automatically  by  the 
pressure  of  the  air  beneath  them  and  by  the  pressure  of  the 
air  and  springs  above  them.  A  partial  vacuum  is  created 
in  the  condenser  cylinder  K  by  the  action  of  the  air  pump, 
thus  sucking  the  condensed  steam  from  the  engine  cylinder 
into  the  condenser  cylinder. 

As  the  exhaust  steam  enters  the  condenser  cylinder 
through  A,  it  first  comes  in  contact  with  the  perforated 
scattering  plate  L,  which  protects  the  upper  tubing  from  the 
damaging  effect  of  direct  contact  with  the  exhaust  steam. 
The  steam  comes  in  contact  with  the  cold  tubes,  through 
which  the  cold  water  is  being  pumped,  and  condenses.  As 
soon  as  this  occurs,  the  condensed  exhaust  steam  collects  at 
the  bottom  of  the  condenser  cylinder  and  runs  through  B 
into  the  air  pump  cylinder,  from  which  it  is  discharged 
while  still  heated  and  made  use  of  as  boiler  feed- water.  The 
temperature  of  this  condensed  exhaust  steam  boiler  feed- 
water  will  be  less  as  the  vacuum  in  the  condenser  cylinder  is 
more  complete.  The  advantage  of  making  use  of  this  con- 
densed exhaust  steam  as  boiler  feed-water  will  be  clearly  seen 
when  it  is  remembered  that  it  has  a  higher  temperature  than 
the  ordinary  feed-water,  and  will,  therefore,  require  less  fui 
in  converting  it  into  steam. 


1 
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In  this  condenser,  the  circulating  and  air  pumps  are  run 
by  an  independent  steam  cylinder  P.  They  arc  often  con- 
nected directly  to  the  main  engine,  and  have  their  motion 
imparted  to  them  by  some  of  its  moving  parts,  generally  the 
crank -shaft. 


1321.     The  Jet  Condenser. — In  Fig.  313  is  shown  a 
section  of  a  Worthington  independent  jet  condenser.     The 


,   cold  water  enters  the  condenser  at  B,  passes  down  the  spray 

pipe  C,  and  is  broken  into  a  fine  spray  by  the  cone  D.     The 

exhaust  steam  in  the  meantime  comes  in  at  A,  and,  mingling 

I  with  the  spray  of  cold  water,  is  rapidly  condensed.     The 

I  velocity  of  the  entering  steam  is  imparted  to  the  water,  and 
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nncondensed  i 


directly  to  the  condenser.  The  injection  pipe  B  draws  water 
from  the  reservoir  C.  After  the  steam  is  condensed,  the 
mixture  of  exhaust  steam  and  injection  water  is  discharged 
through  D  into  the  sewer.  A  portion  of  this  discharge, 
however,  flows  through  £to  the  feed  pump  G,  which  forces 
it  through  the  coil  in  the  heater  /■'  to  the  pipe  //  leading  to 
the  hoiler.  The  exhaust  from  the  two  pumps  is  discharged 
into  the  feed-water  heater  through  the  pipe  ^f.  It  will  be 
noticed  that  water  from  the  overflow  pipe  D  enters  the 
feed  pump  under  a  slight  head.  This  is  because  the  water 
Is  heated  liy  the  exhaust  steam,  and  hot  water  can  not  be 
raibcd  by  a  pump  like  cold  water.  N  is  a  pipe  leading 
the  boiler,  and  supplies  steam  for  both  pumps. 


I 

ding  from  ^| 


I 


't 
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1323.  The  water  required  by  a  condenser  may 
|:be  calculated  as  follows: 

Let  /,  =  the  temperature  of  departing  condensing  water; 
/,  ~  "  '•         entering  "  " 

/,  =  "  "         the   condensed   steam   upon 

leaving  the  condenser; 
//  =  total  heat  of  one  pound  of  steam  at  the  pressure 

of  the  exhaust; 
IV=  the  weight  of  water  required  per  pound  of  steam 
condensed. 
The  heat  given  up  by  the  one  pound  of  steam  condensing 
to  the  temperature  /,  is  Z/—  {/,  —  32°)  B.  T.  U. ;  the  heat 
absorbed  by  the  water  is  iV  (/,  —  /,).     Therefore, 

^{f.  -  ',)  =  {ff-f,  +  32).  or  IV  =  ^i^±^.        ( 1  OS.) 

Example, — The  steam  eihausts  into  the  condenser  at  a  pressure  of 
4  pounds  absi)Iule.  The  temperature  of  the  condensing  water  on 
'antering  is  80",  and  on  leaving  100".  The  temperature  of  the  con- 
densed steam  on  entering  the  air  pump  is  140°.  How  many  pounds  ot 
condensing  water  are  required  per  pound  of  steam  ? 

SoLtTTloN. — From  the  steam  table,  the  total  heat  of  a  pound  of  steam 
at  4  pounds  pressure  above  vacuum  is  1,128.641  B.  T.  U, 

Ti.         ,1,      ■"- '"  +  33      1.128.041  -  140  +  33      „.  ,„  ,       ^ 

Then,   IV=  ■  -~ 1  (K)  —  Kli =  25.18  pounds.   Ans. 

In   the  jet  condenser  the  final  temperatures  of  the  cooU 

ttng;  water  and  the  condensed  steam  are  the  same — that  is, 
'.  =  '.- 

ExAUPLE. — Steam  exhausts  into  a  jet  condenser  at  a  pressure  of  two 
pounds  above  vacuum.  The  temperature  of  the  condensing  water  ia 
80°,  and  the  temperature  of  the  mixture  as  it  enters  the  pump  is  135°, 
How  much  water  must  be  used  per  pound  of  steam  ? 

,„      H-  /,  +  33       1.120.462  -135  +  33      ,„  „.  .        , 

IV=  ■ —  ■  _■  . — -  = Tqj^-Tj =  13,566  pounds.     Ans. 

1324.  The  surface  condenser  is  more  generally  used 
than  the  jet  condenser,  especially  in  marine  practice.  They 
cost  more  originally  and  require  more  condensing  water,  but 
they  possess  the  great  advantage  of  allowing  only  the  con- 

nsed  steara  to  return  to  the  boiler ;  hence,  any  water,  no 
itter  how  impure,  may  be  used  for  condensing.     The  jet 
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condenser,  on  the  other  hand,  pumps  both  condensing  water 
and  condensed  steam  into  the  hot  well,  and  hence,  if  impure 
water  be  used,  it  will  find  its  way  into  the  boiler  and  form  a 
scale. 

1325.     Coollne    Surface. — The    cooling   surface  re- 1 

quired  by  a  surface  condenser  may  be  calculated  as  followsj^ 
Let  .?=  the  required  surface  in  square  feet; 
IV=  total  weight  of  steam  used  per  hour; 
Then,  5  =  .  0044  iV.      ( 1 0«.) 
ExAVPLE.— What  cooling  surface  should  be  given  the  surface  con- 
denser of  an  engine  developing  240  1.  H.  P.  and  using  23  pounds  of 
steam  per  I.  H.  P.  per  hour  ? 

Solution. — Using  formula  I06, 

5^.0944  H'=.0944X  240  X  23  =  531.1  sq.  ft.     Ans. 


BXAMPLBS  FOR  PRACTICE. 

1,  How  many  gallons  of  water  are  needed  per  hour  to  condense  the  I 
Bteam  from  a  IBO  horsepower  engine  which  uses  31.63  pounds  of  steamJ 
per  horsepower  per  hour  ?  The  pressure  of  the  eihaust  is  4  poundirl 
absolute:  the  temperature  ul  the  condensed  steam  is  173°:  of  thef 
water,  as  it  enters  the  condenser,  S6°,  and  on  leaving,  113°. 

Ans,  12,204.5  gal.  per  hoor^.] 

2.  A  jet  condenser  is  attached  to  a  direct-acting  steam  pump  whid 
runs  at  a  piston  speed  of  111  feet  per  minute.  The  steam  cylinder  is 
38'  X  36*  and  the  steam  pressure  is  TO  pounds  gauge.  How  much 
water  must  be  furnished  per  hour  to  the  condenser,  if  its  tcmpieraturc 
on  entering  is  54"  and  on  leaving  160°,  the  vacuum  gauge  showing  80'  ? 

Ans.  6,3S2.81  gal.  per  hour.  , 
Note. — The  steam  is  never  cut  off  in  a  simple,  direct-acting  pump.  J 
S.  What  cooling  surface  is  necessary  for  an  engine  developing  3 
I.  K.  P.  and  using  28  pounds  of  steam  per  I.  H.  P.  per  hour  ? 

Ana.  0SL552  sq.ft.! 


FL.V-WHEELS. 

1326.     TheotSceof  the fy-w/ifi'/ is  somewhat  similar 

that  of  the  governor,  since  each  is  used  to  obtain  rcgularitffl 

of  speed.     It  is  the  duty  of  the  governor  to  adjust  the  efTortfl 
of  the  engine  to  any  large  or  permanent  variation  of  lh«  i 
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load,  such  as  would  be  caused  by  throwing  the  machinery  in 
or  out  of  gear.  It  is  the  duty  of  the  fly-wheel,  on  the  other 
hand,  to  adjust  the  effort  of  the  engine  to  sudden  fluctua- 
tions of  the  resistance,  which  may  occur  during  a  single 
stroke  of  the  engine.  It  is  also  the  duty  of  the  fly-wheel  to 
equalize  the  varying  tangential  effort  on  the  crank  pin  by 
storing  energy  while  the  piston  is  in  the  middle  of  the 
stroke,  where  the  crank  effort  is  greater  than  the  resistance, 
and  restoring  it  when  the  crank  is  at  the  dead  point,  where 
the  tangential  effort  is  zero. 

1327.  In  Fig.  315,  let  A  C  B  represent  the  tangential 
pressures  on  the  crank-pin  during  one  stroke  of  the  piston. 
A  B  is  the  length  of  the  semi-circumference  of  the  crank-pin 
circle ;  A  M  is  the  mean  ordinate,  and  A  B  N  M  represents 
the  constant  resistance  to  the  turning  of  the  crank.  The 
effort  and  resistance  must  be  equal ;  therefore,  area  A  C  B 
=  area  A  B  N  M,  It  follows,  then,  that  area  C  D  E  =  area 
A  M D+dire^B  N  E, 
At  A  the  tangential  ef- 
fort is  zero,  since  the 
crank  is  at  a  dead  J^k^^ 
point.  From  -^  to  5 
the  tangential  effort  re- 
mains less  than  the 
resistance.      The   work  f^g-  ^is- 

done  on  the  crank  during  that  period  is  represented  by  the 
area  A  D  5,  while  the  resistance  is  represented  by  the  area 
A  M  D  S.  Hence,  the  resistance  is  greater  than  the  effort 
by  the  area  A  M  D.  At  5  the  effort  and  resistance  are 
equal.  From  5  to  7"  the  effort  is  greater  than  the  resist- 
ance by  an  amount  represented  by  the  area  D  C  E.  At  T 
the  effort  is  again  equal  to  the  resistance,  and  for  the 
remainder  of  the  stroke  it  again  becomes  less  than  the 
resistance. 

From  A  to  S  the  work  done  by  the  steam  was  shown  to 
be  less  than  the  resistance  to  be  overcome;  therefore,  the 
work   represented  by  the  area  A  M  D  must   have   been 


obtained  from  some   of  the  moving^  parts  of  the  engine^ 

WtA 
The  kinetic  energy  of  a  moving  body  is  -5 — .     In  order 

to  give  up  energy,  the  v  of  the  above  expression  must  be 
diminished.  That  is  what  actually  takes  place.  All  of  the 
moving  parts  of  the  engine,  the  reciprocating  parts,  shaft, 
and  fiy-wheel,  slow  down  a  little,  and,  in  so  doing,  give  up 
enough  of  their  kinetic  energy  to  overcome  the  resistance 
and  carry  the  engine  past  the  dead  center.  Prom  ^  to'T* 
the  effort  is  greater  than  the  resistance,  and,  consequently, 
the  surplus  enei^  represented  by  the  area  C  D  £  is  stored 
up  in  the  moving  parts — that  is,  their  velocity  is  increased 
during  the  part  of  the  stroke  in  question,  and  with  it  their 
kinetic  energy.  For  the  remainder  of  the  stroke  the  moving 
parts  again  slov  down  and  give  up  enough  energy  to  over- 
come the  excess  resistance  B  N  E. 

1328.    The  wvlffltt  of  the  fly-wb**!  maybe  found 
in  the  following  manner : 

Let  V^  =  the  greatest  velocity  of  the  crank-pin  in  feet  per 
second ; 
V^  =  the   least  velocity  o£  the  crank-pin  in  feet  per 

second ; 
V,  =  average  velocity  of  crank-pin  in  feet  per  second; 
W=  required  weight  of  fly-wheel  in  pounds; 
H=  the  number  of  foot-pounds  per  square  inch  of 

piston  represented  by  the  area  C  D  E\ 
A  =  area  of  piston  in  square  inches; 
K  =  ratio  between  radius  of  fly-wheel  and  length  of 

crank; 
r-      K,  -  K, 


The  average  velocity  V,  is  known,  since  it  is  -  times  the 

piston  speed  in  feet  per  second.      (•',  and  V^  are  assumed  so 

V  —  V 
that  the  fraction  — i-p — -  =  £  shall  not  exceed  a  certain 


((  (( 
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The  following  values  of  E  agree  well  with  ordinary  practice : 
Pumping  engines,  ^. 

Engines  driving  machine  tools,  ^. 

textile  machinery,      ^. 
spinning  machinery,  -^  to  -j-f^. 
electric  machinery,    xir^^TiTr 
H  can  be  found  directly  from  the  diagram  by  multiplying 
the  area  C  D  E  m  square  inches  by  the  vertical  scale  of 
pressures  and   the  horizontal  scale  of  distances.      A  is,  of 
course,  known,  and  n  may  be  assumed  at  pleasure. 

At  the  point  D  the  crank-pin  has  the  velocity  F, ;  since 
the  radius  of  the  fly-wheel  rim  is  n  times  the  length  of  crank, 
the  velocity  of  the  rim  at  D  must  be  «  F,.  Likewise,  at  E 
the  crank-pin  will  have  its  greatest  velocity  F^,  and  the  fly- 
wheel rim  the  velocity  n  V.. 

lV(n  V  Y 
The  kinetic  energy  of  the  fly-wheel  rim  at  D  is  — ^ — —  ; 

Win  V  y 

and  at  E  it  is  — ^ — ^ .     The  kinetic  energy  stored  up  in 
passing  from  D  to  E  is,   therefore,  — - — '- — -  = 

1     '      — 2_l     foot-pounds.      But    this    kinetic    energy 

stored  up  is  equal  to  the  work  represented  by  the  area  CDE. 
Hence, 

-7-  (        2        )  =^  ^  "'   (^)' 

But  ~"9^ — *  ^  ^o>  ^^^  average  velocity, 

V  —  V 

and  — !-p — 5  =  E; 

therefore,  [-^-y^)  (-^)  =  -^"27^=  ^  ^* 

V  —  F* 

or  ^-    ^     '  =B  V;. 


Substituting  this  in  (a), 


IVnWV.*-  K'\       irn'/iV' 


F^h 


=  AH. 


g  \       i       f  g 

Whence,  W=  ^f-,.  (107.) 


r.i$ 
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EXAMPLB. — Given  a  single  cylinder  engine  making  llX)  revolutions 
per  minute,  with  a.  stroke  of  3  feec  and  a  cylinder  diameter  of  30 
inches.  A  diagram  similar  to  Fig.  U15  is  drawn,  and  it  is  found  that 
the  area  of  the  portion  CD£is  .86  sq.  in.  The  diagram  was  drawn  so 
that  a  vertical  height  of  one  inch  represents  40  pounds  pressure  per 
square  inch,  and  a  horizontal  distance  of  one  inch  represents  a  crank- 
pin  travel  of  1^  feet.  Assume  coefficient  of  unsteadiness  £"  to  be  ^, 
and  the  ratio  n  as  4.    Find  the  necessary  weight  of  the  fly-wheel  rim. 


Solution. —Piston  speed  = 

speed  of  crank-pin  =  speed  of  piston  x 
sec.  =  Vf     Area   of  piston  =  .7854  X  S 


<100 


10  ft.   per  sec.     Average 
3.141B 


=  10x- 


:  15.T  fx.  per 


ft.    lb.  : 


=  5.288  lb.  =  2,&U 


814.16  sq.  in.     Work  per 

square  inch  of  piston  represented  by  area  C Z> £  =  .66  x  m  X  H  ^  ^i-f 

AHg   _314.1Bx  51.6  X  32.16 

n''El'\'~       4' X  AX  15-7' 

In  the  above  solution  the  weight  of  the  hub  and  arms  has  tieen 
neglected,  and  the  whole  weight  has  been  assumed  as  being  concen- 
trated in  the  rim.  This  is  the  usual  engineering  practice.  The  rim  is 
made  heavy  enough  to  make  the  engine  run  within  the  required  limits 
of  steadiness,  and  the  weight  of  the  arms,  hub,  etc.,  whatever  it  may 
be,  simply  adds  so  much  more  to  the  steadiness  of  runniag. 


REVERSING    GEAR. 

1329.  In  many  engines,  it  is  necessary  that  the  ratio  of 

expansion  be  often  varied,  and  that  the  direction  of  working  , 
be  often  changed.     An  enormous  number  of   mechanisms 
have  been  devised  to  accomplish  this  result.     The  earliest, 
as  well  as  one  of   the  most   etficient,  is  the  Stephenson 
link  motion,  shown  in  Fig.  316. 

1 330.  Two  eccentrics  A  and  B  are  keyed  to  the  shaft.   | 
The  two  eccentric  rods  E  and  F  are  fastened  to  a  link  L. 
The  valve  stem  V  is  bolted  to  a  block  W,  which  fits  into  L. 

When  the  mechanism  is  in  the  position  shown  in  the  fig- 
ure, the  eccentric  rod  E  is  in  line  with  the  valve  stem,  and 
the  action  is  precisely  similar  to  the  action  of  an  engine 
with  a  single  eccentric.  The  eccentric-l  will  govern  the 
steam  distribution,  and  B  will  simply  have  no  effect  what- 
ever. The  angular  advance  l^  A  O  C ;  consequently,  I 
engine  will  run  in  the  direction  shown  by  the  arrow. 


ently,  the    fl 
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By  means  of  ihe  re- 
versing lever  P,  and  the 
links  f?,  A',  and  M,  piv- 
oted at  R,  the  link  L  can 
be  raised  until  the  eccen- 
tric rod  /''  is  in  line  with 
the  valve  stem  V.  The 
eccentric  B  will  then  im- 
part motion  to  the  valve; 
B  O  C  will  be  the  angu- 
lar advance,  and,  since 
the  eccentric  must  be 
ahead  of  the  crank,  the 
latter  must  move  in  the 
direction  opposite  to  that 
shown  by  the  arrow. 

If  the  link  be  raised 
until  the  point  of  suspen- 
sion i^  is  just  opposite  the 
point  a  of  the  valve 
stem,  the  valve  must  par- 
take equally  of  the  mo- 
tion of  both  eccentrics, 
and,  hence,  the  engine 
will  run  in  neither  direc- 
tion. If  the  link  be  raised 
BO  that  a  occupies  a  posi- 
tion somewhere  between 
c  and  d,  the  engine  will 
still  run  in  the  direction 
shown  in  the  figure,  but 
the  motion  of  the  point 
a  will  be  influenced  in 
some  degree  by  the  mo- 
tion of  F,  and  the  travel 
of  the  valve  will  be  less 
than  when  in  the  position 
of  the  figure.     The  result 
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is  an  earlier  cut-off  and  compression.  la  locomotive 
engines,  the  sector  T  has  several  notches.  When  starting, 
the  iever  is  thrown  into  the  last  notch,  thus  giving  the  valve 
the  longest  possible  travel  and  the  engine  the  greatest  power. 
After  the  train  is  started  and  the  power  required  is  less,  the 
lever  is  thrown  nearer  the  center,  thus  decreasing  the  tra\-el 


of  the  valve,  and,  i 
the  engine. 


consequence,  the  power  developed  by 
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FUNDAMENTAL  PRINCIPLES  OF 
REFRIGERATION. 


THE  MEANS  OF  PRODUCING  REFRIGERATION. 

1331.  Refrigeration  may  be  defined  as  the  process 
of  lowering  the  temperature  of  a  body  or  of  keeping  the 
temperature  below  that  of  the  atmosphere. 

1 332.  Production  of  Cold. — Cold  may  be  produced 
by  one  of  the  following  processes: 

ft 

1.  A  transfer  of  heat  from  a  warmer  to  a  colder  body. 

2.  A  chemical  action,  as  exemplified  by  the  so-called 
freezing  mixtures.  (See  Instruction  Paper,  Heat,  Art. 
1142.) 

3.  The  adiabatic  expansion  of  a  gas.  As  explained  in  Heat, 
Art.  1164,  no  heat  is  added  to  or  abstracted  from  a  gas 
during  adiabatic  expansion.  If,  therefore,  the  gas  does  work 
in  pushing  a  piston,  this  work  must  be  perform^^d  at  the 
expense  of  the  energy  contained  in  the  gas;  the  temperature 
of  the  gas  will  therefore  fall,  or,  in  other  words,  the  gas  will 
be  cooled.  It  is  to  be  carefully  noted  that  if  a  gas  does  no 
work  during  adiabatic  expansion,  its  temperature  does  not 
fall. 

4.  Evaporation  of  liquids  having  low  boiling  points.  It  was 
shown  in  Heat,  Art.  1 139,  that  when  a  liquid  is  changed  to 
a  vapor,  a  certain  quantity  of  heat,  called  the  latent  heat  of 
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vapcrisatWM,  must  be  added  Iti  tbc  liquid  to  effect  the  change. 
hen  this  prtjccss  ol  vaporiiation  or  evaporation  takes  place 
the  presence  of  Dther  bodies,  Ihe  heat  required  for  it  is 

drMHfrom  these  bodies,  and  they  are  thereby  cooled. 


The  third  method^of  producing  ci>ld  meutioned 
in  the  preceding  paragraph  suggests^a^necbanical  processof  | 
lefrigeiatifm.  Referring  to  Heat,  Art.  1 1 78  and  Fig.  233.  ' 
let  the  volnme  oE  the  gas  in  the  cylinder  be  represented  by 
the  abscissa  O  V^  and  the  pressure  by  the  ordinate  I,  T. 
Let  the  gas  be  conipresaed  adiabalically  until  it  has  the  vol- 
nme represented  by  O  I',  and  the  pressure  represented  by 
V^B.  During  this  adiabatic  compression  nci  heat  is  added  la 
or  abstracted  from  the  gas.  A  certain  amount  of  work — 
represented  by  the  area  li  C  \',l ', — is  done  on  the  gas  by  the 
piston  and  isslnred  up  <n  the  gas,  thus  causing  a  rise  of  tem- 
perature. When  the  gas  is  in  the  state  represented  tiy  the 
point  B,  conceive  the  head  it  to  be  repiaced  by  the  conduct- 
ing head  b,  and  let  the  cylinder  be  phirt-d  in  cniitari  with  a 
body  which  we  will  call  the  hot  body.  As  the  gas  is  compressed, 
heat  passes  freely  from  it  to  the  hot  body,  the  gas  will  remain 
at  constant  temperature,  and  the  compression  will  be  iso- 
thermal. Suppose  the  state  of  the  gas  at  the  end  of  com- 
pression to  be  represented  by  the  point  A ;  then  the  work 
done  by  the  piston  is  represented  by  the  area  BA  V,  (',, 
Since  the  temperature  of  the  gas  does  not  change  during  this 
isothermal  process,  the  gas  neitbv  receives  nor  loses  energy, 
and  the  heat  given  up  to  the  hot  body  must  be  the  exact 
equivalent  of  the  work  done  on  the  gas  and  represented  by 
thearea^.;^  F',  F,.  Let  the  cylinder  be  removed  from  the  hot 
body,  and  let  the  gas  expand  adiabatically  from  the  state  A 
to  the  state  represented  by  D.  Since  the  gas  receives  no  heat 
during  this  expansion,  the  work  done  by  it  upon  the  piston — 
represented  by  the  area  A  Di\  I ',^— must  be  supplied  by  the 
gas  itself;  that  is,  the  gas  parts  with  enough  of  its  energy  to 
do  this  work,  and  as  a  result  its  temperature  falls.  We  will 
assume  that  the  expansion  proceeds  until  the  temperature  of 
the  gas  is  the  same  as  at  the  initial  state,  represented  by  the 
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point  C,  Suppose,  now,  that  the  cylinder  is  placed  in  contact 
with  a  second  body,  which  we  will  designate  the  cold  body^ 
and  that  the  head  of  the  cylinder  is  again  a  perfect  con- 
ductor. Let  the  gas  now  expand  isothermally  from  I  he 
state  D  to  the  initial  state  C  During  this  expansion,  the  gas 
does  the  work  represented  by  the  area  D  C  V^  l\  upon  the 
piston ;  but  since  the  tc.iperature  of  the  gas  remains  con- 
stant, the  energy  stored  up  in  it  remains  constant  also; 
therefore  the  body  in  contact  with  the  cylinder  must  give  up 
to  the  gas  the  heat  equivalent  of  the  work  done  on  the 
piston. 

1334.  It  is  obvious  that  an  engine  operating  through 
the  cycle  just  described  is  a  refrigerating-machine.  It  takes 
a  certain  quantity  of  heat  (2,  from  the  cold  body  and  adds 
a  certain  greater  quantity  of  heat  Q^  to  the  hot  body.  The 
difference  (2, —  (2,  represents  the  heat  equivalent  of  the  net 
work  done  by  the  piston  upon  the  gas, and  is  represented  by 
the  area  A  B  CD. 

The  refrigerating-machine,  it  will  be  observed,  is  a  heat 
engine  reversed.  The  latter  goes  through  the  Carnot 
cycle  (see  Fig.  232)  in  the  order  A  B  C  D  \  the  former  in  the 
order  A  DC B.  The  heat  engine  takes  a  quantity  of  heat 
Q^  from  the  hot  body,  gives  up  a  smaller  quantity  (2,  to  the 
cold  body,  and  changes  the  difference  Q^—Q^  into  mechani- 
cal work;  the  refrigerating-machine,  on  the  contrary,  takes 
the  heat  (2,  from  the  cold  body,  changes  the  mechanical 
work  into  the  heat  Q,  —  Q^,  and  delivers  the  heat  Q^  to  the 
hot  body. 

1335.  The  Carnot  cycle  of  a  refrigerating-machine 
using  a  saturated  vapor  as  a  working  fluid  is  shown  in 
Fig.  317.  Suppose  the  vapor  to  be  in  the  state  represented 
by  the  point  A ;  that  is,  the  volume  is  represented  by  O  J\ 
and  the  pressure  by  V^A.  The  vapor  is  compressed  adia- 
batically  from  the  state  A  to  the  state  7>,  and  then  isother- 
mally from  B  to  C.  The  pressure  of  any  saturated  vapor 
depends  only  upon  the  temperature;  therefore,  if  the 
temperature  remains  constant,  as  in  isothermal  expansion, 


744 


PRINCIPLES  OP  RBPRI6BRATION. 


the  pressure  also  remains  constant,  and  the  isothermal  line 
B  C  is  3,  straight  line  parallel  to  the  axis  O  X.  (See  Steam 
and  Steam  Engines^  Art.  1210«)  During  the  compression 
from  B  to  C,  some  or  all  of  the  vapor  is  condensed.     The 


FIO.  817. 

latent  heat  liberated  by  this  change  of  state  is  absorbed  by 
the  hot  body.  The  next  stage  of  the  process  is  adiabatic 
expansion  from  the  state  C  to  the  state  D^  and  this  is 
followed  by  isothermal  expansion  from  the  state  D  to  the 
original  state  A,  During  this  isothermal  expansion,  the 
liquid  changes  back  to  a  vapor,  and  the  heat  required  to 
effect  this  vaporization  is  taken  from  the  cold  body  with 
which  the  cylinder  is  in  contact. 

As  in  the  previous  case,  a  quantity  of  heat  (?,  is  given  up 
to  the  hot  body,  a  smaller  quantity  (2,  is  abstracted  from 
the  cold  body,  and  mechanical  work  equivalent  to  the 
difference  (2,  —  Q^  is  done  by  the  machine  upon  the  working 
fluid.  It  is  to  be  noted  that  in  the  present  instance  the 
refrigeration  is  produced  by  the  vaporization  of  a  volatile 
liquid. 

1 336*  In  actual  operation,  the  cycle  of  the  refrigerating- 
machine  differs  materially  from  that  of  the  ideal  Carnot 
cycle.     In  the  ideal  cases  just  described,  the  working  fluid 
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is  assumed  to  remain  in  the  cylinder.  In  practice  this  is 
not  the  case.  The  steam  engine  receives  steam  from  the 
boiler,  the  source  of  heat,  and  rejects  the  exhaust  steam 
into  the  condenser  after  extracting  a  certain  portion  of  it  in 
the  form  of  work.  Likewise  the  refrigerating-machine 
takes  a  supply  of  the  working  fluid  from  the  cold  body,  does 
a  certain  amount  of  work  upon  it,  rejects  it  at  a  higher 
temperature  to  the  condenser,  which  we  have  heretofore 
called  the  hot  body,  and  takes  a  new  supply  from  the  cold 
body. 

In  practice  the  cold  body  is  either  a  room  with  non-con- 
ducting walls,  in  which  are  placed  the  articles  to  be  chilled, 
or  a  non-freezing  liquid  called  a  brine,  which  after  being 
cooled  may  be  pumped  through  coils  of  pipes  in  the  rooms 
to  be  cooled.  The  hot  body  is  a  condenser,  through  the 
coils  of  which  the  working  fluid  is  forced  by  the  compressor 
piston.  Water  is  kept  continually  flowing  over  the  coils  of 
the  condenser  and  carries  away  the  heat  generated  by  the 
isothermal  compression  BA,  Fig.  232,  or  B  C,  Fig.  317. 

1337.  It  is  instructive  to  note  the  relation  of  the 
refrigeration  process  to  the  second  law  of  thermodynamics. 
(See  Art.  1177,  If  eat.)  This  law  asserts  that  /leat  can 
not  pass  from  a  cold  to  a  hot  body  by  a  self-acting  process 
unaided  by  external  agency.  In  other  words,  whenever  heat 
is  transferred  from  a  body  to  a  warmer  body,  there  must  be 
some  work  expended  to  effect  the  transfer.  In  the  process 
described  above,  the  refrigerating-machine  is  the  agent  used 
in  transferring  the  heat  from  the  refrigerating  room  to  the 
condensing  water,  and  the  work  expended  by  the  machine 
on  the  fluid  is  that  required  in  the  transfer.  The  transfer 
of  heat  may  be  expressed  algebraically  as  follows: 

Let  (2,  =  heat  delivered  to  condenser  in  B.  T.  U. ; 
(2a  =  h^^it  taken  from  body  cooled  in  B.  T.  U. ; 
PF=  work  in  foot-pounds  done  by  engine  on  working 

fluid; 
J    =  778  =  mechanical  equivalent  of  heat. 

Then,  (7,  =  (2,  +  ^-.  (108.) 


r«C  TSrSCIFlXS  of  KEPKlGKKATlOfSIL 


of 
<tf  JtsaMBtT  toalistnct 


Tstt  zs=z  cd  Tifri^trmtimg^  or  ice-^^liimg^  cmfmnij  is  tke 
qiarrr:  J  *:<  ^eaii  irqained  to  mdt  coe  too  ('S.OOO  poonds)  of 
kie:  az  1^  F.  t<.  vatcr  az  32=  F.  Since  143.65  &  T.  U.  are 
reiqr^rH!  to  laea  coe  poond  of  ke  at  SS*  F.  (see  Table  23), 
tbt:  -=it  4C  refrifefaxii^  capacity  is  eqniTalent  to  14165 
B.  T.  U.  r  1.->L«>  =  ^^S^.^G«  B.  T.  U-  The  refrigerating  capac- 
irj './  a  marhme  expfessed  in  tons  is  giren  by  the  following 

Le:  //  =  B.  T.  U.  abstracted  from  cold  body  in  24  hours; 
h  =  B.  T.  U.  abstracted  from  cold  body  in  1  hour; 
F  =  rctrureratimr  canacitr  expressed  in  tons. 


I  :-L  VST  rat:  ON- — A  refrigerating-machine  abstracts  2, 375,  S41  B.T.  U. 
\Tx  24  hour?.     The  ice-melting  capacity  is 

2.375.^41       ^  ^  ^ 
^  ,  ^^,  =  8.33  tons. 
2><5,3iW 

1339.  Ice-Making  Capacity. — The  ice-making  ca- 
pacity is  the  number  of  tons  of  ice  that  a  machine  is  capa- 
ble of  freezing  in  twenty-four  hours.  As  the  temperature 
of  the  water  from  which  the  machine  freezes  the  ice  varies 
from  50  to  li5\  and  as  it  is  necessary  to  cool  this  water  to 
\Vi  bitfore  any  ice  can  be  made,  it  will  be  seen  that  the  ice- 
making  capacity  is  variable  and  is  largely  affected  by  the 
roii^litions  under  which  the  machine  operates.  Owing  to  the 
necessity  of  cooling  the  water  from  which  the  ice  is  made 
from  its  initial  temperature  to  a  temperature  below  the 
frcM-zing  point,  and  owing  to  other  losses,  such  as  radiation, 
<'l<-.,  the  iiC'inakiiiiT  is  only  about  50  or  60  per  cent,  of  the 
/<  r-  mi  It iii^  ca  pac  i  t  y . 
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1340.     Efficiency.  —  The   theoretical   maximum  effi- 

T  —  T 
ciency  of  a  heat  engine  is  given  by  the  expression  — ^^^ — -. 

(See  Heat,  Art.  1182.)  If  we  denote  by  (2,  and  Q^, 
respectively,  the  heat  given  up  by  the  hot  body  and  the  heat 
rejected  to  the  cold  body,  it  can  readily  be  shown  that  this 

efficiency  is  also  given  by  the  ratio  *  ^  *.  Referring 
to  Heat,  Art.  1182,  the  heat  equivalent  of  the  work  per- 
formed during  isothermal  expansion  is  I— ^ — ^)^i» 

and  the  heat  equivalent  of  the  work  of  isothermal  compres- 
is  A3026^yogr\  ^^      ^^  .^  ^^^^^  .^  ^^^    ^  ^^ ^  ^^^^ 

-^-p  =  -Tyrr,  or  r^  =  r,  ;  hence,  denotmg  the  constant 
— ^^^  ^^  ^'   by   k,    we    have    Q,  =  k  T,,    Q^  =  /-  T;,    and 

— ^- — 2  =  —    f  ^ — —  =        ^       .     This  expression  might 

have  been  written  at  once,  for  the  efficiency  of  a  heat 
engine  is  clearly  the  ratio  of  the  heat  transformed  into 
mechanical  work  to  the  whole  quantity  of  heat  supplied. 

In  the  case  of  the  refrigerating-machine,  the  useful  work 
is  measured  by  the  quantity  of  heat  Q^  removed  from  the 
cold  body,  and  the  work  expended,  that  is,  the  work  done 
by    the   machine   upon    the    working    fluid,    expressed    in 

heat-units,  is  (?,  —  g,    B.  T.  U.       The   ratio    t^-^TT    ^^ 

the  work  obtained  to  the  work  expended  is  called  the 
effieiency  oi  the  refrigerating-machine.  If  T^  and  7",,  respect- 
ively, denote  the  absolute  temperatures  at  which  the  heat 
is  abstracted  from  the  cold  body  and  deliv^ercd  to  the  con- 
denser, then,  as  in  the  case  of  the  heat  engine,  Q^  =  k  1\  and 

Q  T 

Q,  =  kT'    hence  -7=^ — ^-pr-  =  .„- — '^—tjt.     Denoting  the   theo- 

retical  maximum  efficiency  by  E,  we  have  the  following 
formulas: 
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£=-^.  (113.) 

In  the  last  formula,  J  and  W  have  the  same  significance  as 
in  Art.  1337. 

In  the  case  of  the  steam  engine,  the  efficiency  increases 

with  the  range  of  temperature,  and  the  effort  of  the  engineer 

is  to  make  the  difference  T^—T^  as  large  as  possible  by 

increasing  boiler  pressure  and  lowering  the  temperature  of 

the  exhaust  steam.     With  the  refrigerating-machine,  on  the 

T 
other  hand,  the  expression  E  =  „,  ^  ^  shows   that    the 

efficiency  is  increased  by  making  the  difference  T",— 7", 
smaller;  that  is,  the  efficiency  increases  as  the  temperature  of 
the  cold  body  increases  and  the  temperature  of  the  condenser 
(hot  body)  decreases.  It  is  of  course  impossible  to  attain  the 
maximum  theoretical  efficiency  in  practice  on  account  of 
the  losses  of  various  kinds  in  the  process,  such  as  the  fric- 
tion of  the  machine,  heat  losses  by  radiation,  etc.  The 
work  actually  delivered  to  the  compressor  is  always  greater 
than  the  mechanical  equivalent  of  the  heat  Q^  —  Q^. 

Example. — If,  per  cubic  foot  of  ammonia,  64.5  B.  T.  U.  are  carried 
from  the  cold  room  and  73.6  B.  T.  U.  are  delivered  to  the  condenser, 
what  is  the  theoretical  maximum  efficiency  ? 

o  IT  (?»  ^-5  64.5       „^       . 

Solution.-     E^  ^^^  =  ^.^^_^^  =  -^  =  7.09.     Ans. 

1 34 1 .  In  general  it  is  found  that  the  efficiency  as  defined 
above  is  greater  than  1,  which  is  apparently  a  contradiction 
of  the  fundamental  law  that  the  efficiency  of  a  machine  is 
always  less  than  1.  (See  Rhmrntary  Meclianics^  Arts. 
949  and  95(>.)  This  is  due  to  the  fact  that  in  ordinary 
machines  a  certain  amount  of  energy  is  delivered  to  the 
machine  and  a  certain  percentage  of  that  energy  appears 


] 
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useful  work,  the  remainder  being  expended  in  overcom- 
ing losses  due  to  friction  ;  thus  the  energy  obtained  is  a  part 
of  that  expended.  In  the  refrigerating-machine,  however, 
'the  energy  obtained,  that  is,  the  heal  abstracted  from  the 
cold  body,  is  not  a  part  of  the  energy  supplied  to  the 
machine,  and,  in  fact,  has  no  direct  connection  with  it.  The 
■work  to  be  done  by  the  compressor  is  not  the  mechanical 
equivalent  of  the  heat  abstracted,  but  represents  only  the 
difference  between  that  heat  and  the  heat  delivered  to  the 
condenser.  If,  under  exceptional  circumstances,  the  cooling 
water  used  with  the  condenser  should  have  a  temperature 
lower  than  the  temperature  of  the  cold  body,  heat  would  of 
jtself  flow  from  the  cold  body  to  the  condenser,  and  no 
compressor  or  working  fluid  would  be  required.  This  con- 
:nderation  shows  that  there  is  no  necessary  connection 
■between  the  work  of  the  compressor  and  the  heat  abstracted 
from  the  cold  body,  and  as  a  consequence  the  ratio  of  one 
to  the  other  may  be  either  greater  or  less  than  1. 


n 


1342.  A  re  frige  rating- machine  is  generally  driven  by 
"  a  steam  engine;  therefore  the  energy  delivered  to  the 
machine  is  contained  primarily  in  the  fuel  fed  to  the  fur- 
nace, usually  coal.  For  this  reason,  it  is  customary  in  com- 
mercial work  to  measure  the  commercial  efficiency  or  the 
economy  of  a  refrigerating-machine  by  the  pounds  of  ice- 
■  jnelting  effect  per  pound  of  coal  u.sed.  For  every  pound  of 
coal  consumed  in  the  boiler  to  produce  steam  to  operate  the 
refrigerating-machine,  a  quantity  of  heat  is  abstracted 
from  the  cold  body  sufficient  lo  melt  a  definite  number  of 
pounds   of  ice  at  33"   F.  into  water   at  3^°  F.     (See   Art. 

11338.)     This  quantity  of  ice  is  a   measure  of   the   com- 
mercial efficiency  of  the  machine. 
K.n  t 
Reqii 
So 
10.81 


[PLE.— A  refrigeraliiig-macliine  having  an  acUiuI  ca|Kicily  of 
s  requires  4.350  p-iunda  of  cijal   per  24  hours  tu  uperate   it. 

V&equired,  the  eflicieney  expressed  in  iL-e  per  pound  of  coal. 

Solution.—    23.5  tons  =  47,(HK)  lb.;   47,(MK) -i- 4.350  =  UI.H;   hence, 

l|10.8  pounds  of  ice  are  melted  \wz  {>»uri<.l  of  coal  burned.     Ans. 
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THE    AIR  REFRIGERATING-MACHINE. 

1343.  The  air  machine  utilizes  the  fall  of  temperattirei 
that  occurs  when  compressed  air  expands  adiabatically  and'l 
performs  work.  The  principles  underlying  the  operation  offl 
this  machine  are  stated  in  Art.  1333. 

The  general  arrangement  of  an  air  refrigerating-roachine'l 
is  shown  in  Fig.  318.     The  machine  consists  essentially  of  a 


^  The 

^B  througl: 


single-acting  compression  cylinder  A,  cspansion  cylinder  3,m 
also  single-acting,  a  condenser  A',  and  a  cooler  or  refrig-^ 
erator  box  D.  The  piston  of  the  cylinder  A  is  providedl 
with  suction  valves  f,  I^opening  inwards,  adischarge-valve  | 
I'",  and  also  with  a  water-jacket  J.  The  diameter  of  the  J 
cylinder  B  is  slightly  less  than  that  of  A.  The  piston  is  1 
solid,  but  the  cylinder-head  is  provided  with  two  valves 
inlet  valve  5  and  an  outlet  valve  5',  which  are  operated  by  I 
the  eccentrics  f  and  C.  The  pistons  are  driven  by  cranksl 
set  at  180".  The  condenser  A'  is  a  surface  condenser  and  I 
receives  a  current  of  cold  water  from  the  water-jacket  /  oSM 
the  compression  cylinder  A.  A  receiver  A'  is  connected 
with  the  condenser  and  also  communicates  with  the  ialel 
^  uf  the  expansion  cylinder  B. 
The  air  at  ordinary  pressure  is  taken  into  the  cylinder  A  J 
through  the  valves  l^,  V,  andiscomprcssedadiabatically  untU  J 


► 
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the  pressure  becomes  sufficient  to  open  the  valve  f.  The 
air  then  passes  into  the  condenser  R,  where  it  conies  in  con- 
tact with  the  cold  surfaces  of  that  vessel.  The  adiabatic 
compression  has  raised  the  temperature  of  the  air,  but  in 
passing  through  the  condenser,  some  nf  the  heat  contained 
in  the  air  is  given  up  to  the  cold  water  circulating  through 
the  condenser,  and  the  temperature  is  lowered  nearly  to 
that  of  the  surrounding  air.  During  this  time  the  valve  5 
of  the  expansion  cylinder  B  opens  and  permits  an  amount 
of  air  equal  in  weight  to  that  expelled  from  A  to  pass  from 
the  receiver  R'  into  the  cylinder.  The  valve  5  closes  and 
the  air  in  the  cylinder  JJ  expands,  forcing  the  piston  forwards 
and  doing  a  certain  amount  of  work,  which  may  be  deducted 
from  the  work  of  the  compression.  This  expansion  of  the 
air  in  the  cylinder  B  and  the  performance  of  work  in  forcing 
the  piston  forwards  is  at  the  expense  of  the  energy  stored  in 
ithe  air.  The  air  therefore  gives  up  sufficient  heat  to  do  the 
mechanical  work,  and  as  a  result  its  temperature  falls. 
As  the  air  on  entering  B  was  at  a  normal  temperature,  the 
expansion  brings  the  temperature  below  that  of  the  sur- 
rounding objects.     In  other  words,  the  air  is  cooled. 

When  the  piston  in  breaches  the  upper  limitof  its  stroke, 
the  valve  S'  opens,  and  as  the  piston  descends,  the  cooled 
air  escapes  by  means  of  the  pipe  7"  into  the  refrigerator 
box  D. 

The  difference  between  the  work  done  on  ihe  air  in  the 
compression  cylinder  and  that  done  by  the  air  in  the  expan- 
sion cylinder,  and,  in  addition,  the  work  required  to  overcome 
the  friction  of  the  entire  machine,  must  be  supplied  by  a 
steam  engine  or  other  motor. 


1344.  The  operation  of  the  actual  air  machine  as  just 
outlined  differs  in  some  degree  from  the  action  of  the  ideal 
machine  as  described  in  Art.  1333,  and  the  cycle  of  the 
actual  machine  differs  from  the  Carnot  cycle.  The  cycle 
has,  as  usual,  four  operations;  they  are:  compression,  cool- 

Iing,    expansion,    and   refrigeration.      Let    O   I',   Fig.   IJlii. 
^present  the  volume  of   air   taken   into   the   compression 
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cylinder  per  atroke.      During  compi 


the  volume  de- 


creases and  the  pressure  rises,  a 


&  VTr:  r.  V. 


ited  liy  ihe  curve  A  B. 
The  water  circulating 
through  the  jacket  carries 
away  some  of  the  heat  de- 
veloped, so  that  the  com- 
pression is  not  strictly 
adiabatic,  and  the  temper- 
ature at  the  end  of  com- 
pression is  less  than  it 
would  be  if  the  curve 
A  B  were  an  adiabatic. 

As   the    air    from    A, 
Fig.  318,   is   pushed   into 
^"'-  s'^-  the  condenser  R,  an  equal 

weight  is  delivered  to  the  cylinder  B\  consequently  the 
weight  of  air  in  R,  R'  and  the  conducting  pipes  is  practi- 
cally constant,  and  the  pressure  remains  practically  constant 
also.  During  the  second  operation,  therefore,  the  air  is 
cooled  in  the  condenser  at  constant  pressure.  According  to 
Gay-Lussac's  law  {^Pneumatics,  Art.  1054),  the  cooling  is 
accompanied  by  a  decrease  in  volume.  If  O  V^,  Fig.  319, 
represents  the  volume  before  cooling,  O  J',  will  represent 
the  volume  after  cooling;  and  the  operation  will  be  repre- 
sented by  the  constant-pressure  line  B  C.  The  temperature 
of  the  air  in  the  state  represented  by  C  is  not  much  above 
that  of  the  surrounding  atmosphere. 

The  air  now  enters  the  cylinder  B  and  expands  adiabati- 
cally;  the  temperature,  which  was  normal  at  the  beginning 
of  the  e.xpansion,  must  fall  much  below  the  temperature 
of  surrounding  objects;  the  volume  increases  from  O  (',  to 
O  V,.  The  cylinder  B  is  made  of  such  diameter  that  when 
the  piston  reaches  the  end  of  its  stroke,  the  pressure  of  the 
air  will  be  just  that  of  the  atmosphere.  This  third  opera- 
tion is  represented  by  the  curve  CD. 

The  air  is  now  pushed  into  the  i-ciok-r  I)  by  the  return 
stroke  (if  the  piston.  Being  colder  than  the  surrounding 
objects,   il  absorbs   heat  from   them   and    expands   at  the 
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»nstant  pressure  1 ",  D.    If  the  supply  to  the  compresstir  had 

I'been  of  the  same  temperature  as  the  couler;  for  example,  if 

compressor  h;id  drawn  its  supply  from   Ihe  cooler,  the 

volume  in  the  cooler  would  increase  f  mm  O  i',  to  the  original 

volume   O  V^,  as  indicated  by  the  line  DA,  and  the  cycle 

would  be  closed.     Usually,  however,  it  is  more  convenien' 

^to  reject  the  air  into  the  cooler  D  and  draw  the  fresh  sup 

n>ly  from   the  atmosphere,  which  has  a  much  higher  tern- 

p.perature.     In  this  case,  it  is  evident  that  the  air  does 

return  to  its  original  state  in  the  cooler,  and  the  cycle  is  nol 

closed. 

1345.  General  Theory. — In  the  following  discus- 
|«ion,  it  will  be  assumed,  for  the  sake  of  simplicity,  that  com- 
[pression  and  expansion  are  adiabalic  and  that  the  air  is  drawn 
into  the  compressor  from  the  cooling  chamber,  so  that  the 
machine  works  through  a  closed  cycle.  The  clearance  of 
the  two  cylinders  will  be  neglected.  Referring  to  the  dia- 
gram, Fig.  319,  let  Va,  ''(,.  f'. ,  I'rt  denote  the  volumes, 
T„,  7"fc,  Tf,  7),  the  absolute  temperatures,  and/„,  t,,,  t^,  t^ 
the  ordinary  temperatures  of  the  air  when  in  the  slates  rep- 
resented by  the  points  A,  B,  C,  and  D.  respectively;  and  let 
(j^,  and  /,  denote  the  pressures  of  the  air  during  the  opera- 
tions D  A  and  B  C,  respectively ;  also  lei  s„  and  j„  denote, 
respectively,  the  specific  heat  of  air  at  constant  pressure 
and  constant  volume,  and  let  Af  denote  the  weight  of  air 
used  per  stroke  of  the  compressor. 

The  temperatures /„  of  the  cooling  chamber  and  /„  of  the 
air  as  it  leaves  the  condenser  are  known  or  assumed,  and 
the  temperatures  f^  and  /j  can  be  obtained  by  formula  86, 
J/eaf.     Thus, 

"^-'f) -^=(?;)-"=^^  <»' 

r  at  the  end  of  compression. 


To  find  Che  volume  of  th. 
I  ire  have,  from  formula  81. 


■i^ 


The  volume  of  the  air  durtngf  the  codiDg  in  the  ooadenser 
decreases  from  V^  to  V,  at  constant  pressure.  According 
to  formula  71, 


and 

Dividiag, 


A 

,K  = 

■RMT„ 

A 

,K  = 

■.RMT.. 

V, 

r. 

•t;- 


M 


Finally, 

A  v:- 

=A  v:' 

K.=  n(A)*. 

Since  from 

(«) 

(r 

V, 

e  have 

V. 

=-4 

or   ^  = 

(rf) 


The  preceding  formulas  enable  us  from  the  assumed  data 
to  calculate  the  volume  and  lemperature  of  the  gas  at  each 
of  the  four  points  A,  B,  C,  and  /?. 

The  heat  given  up  by  the  air  to  the  condenser  is 
(7,  =  jpjV (/,-/,).     (0    (See  Art.  1135,  M-rt/.) 

The  heat  absorbed  by  the  air  from  the  cooler  as  it  expands 
from  DtoA  is 

a =5„  J/ (/„-/„).  (/) 

The  specific  heat  s^  is  used  for  the  reason  that  the  air 
passes  through  the  condenser  and  through  the  cooler  at  con- 
stant pressure,  as  shown  by  the  lines  /i  C  and  D  A. 

The  heat  equivalent  of  the  work  done  on  the  air — repre- 
sented by  the  area  A  B  C  D — must  be  precisely  the  differ- 
ence between  the  heat  delivered  to  the  condenser  and  that 
abstracted  friini  the  cooler.  Hence,  denoting  the  net  work 
by  W,  we  have 
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-7  =  e,  -  a  =  -f.  ^'^  [  (4  -  O  -  ('a  -  M  ], 

or  ll''  =  /s,.  Ar[  (4  -  O  -  (/„  -  /.,)  ] 

=  /s,Af[in-T,)-{T„-T..)l     U) 

The  theoretical  efficiency  is  therefore 

f;_ya,_  js„M(r„-r„) 

""  -   IV   -Js,Af[{T,-T,)-{  7;  -  7;,)  ] 


T  —  T 


(7;-  7;)-(7;.-7-,)- 


(/') 


r       T 
Since  -y?  =  ,,!\  it  can  readily  be  shown  that  the  expression 


T                 T 
reduces  to  E  •=.  -rp — '^-vp-  =  -rp ^r.     (/) 


Since  the  net  work  per  stroke  is  \\\  if  we  denote  the  num- 
ber of  strokes  per  minute  by  ;/,  the  horsepower  required  to 
drive  the  machine  is 

"3:3,000*     ^^^ 

The  gross  horsepower  required  will  of  course  be  much 
greater,  on  account  of  the  friction  of  the  two  pistons  and  of 
the  other  parts  of  the  machine. 

If  desired,  the  work  W  may  be  expressed  in  terms  of  the 
pressures  and  volumes  instead  of  temperatures.  Thus,  using 
formula  88,  Heat^ 

W^  (area  A  B  V,  K)  ^  L^ii  Ai;_-/..Q. 

IV^  (area  B  C  V\  V,)  =  U4  /,  ( / ;  -  F..). 
JF^(area  CD  F,  W)  =  "^-^S-ttL'^-hYd. 

.  41 

fF*.(area  DA  F„  F,)  =  U4 /,  (F,.  -  F,). 

IV  =  iv„,+  ir^-  j(;,-  H-;,.= 

144  X  -i-  LA (^; -  K)  -/.(''..  -  F„)  ].    (k) 

The  factor  144  is  used  to  reduce  the  pressures  from  pounds 
per  square  inch  to  pounds  per  square  foot. 
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The  heat  Q^  is  given  up  by  the  air  in  the  condenser.  If  G 
denote  the  weight  of  cooling  water  used  per  stroke,  and 
/«  and  tf  the  temperature  of  the  water  on  entering  and  leav- 
ing the  condenser,  the  heat  absorbed  by  the  water  per 
stroke  is  G  {tf—t^)  B.  T.  IT. 

Hence,  G (/,  -  Q  =  0.  =  s,M{t^  -  /,), 

The  capacity  of  the  compression  cylinder  (neglecting 
clearance)  is  V^  and  that  of  the  expansion  cylinder  is  V^ . 
To  find  the  ratio  of  these  volumes,  we  have 

and  py^^RMT^; 

whence,  dividing  one  equation  by  the  other, 

1346.  To  illustrate  the  application  of  the  equations 
developed  in  the  preceding  article,  the  horsepower  and 
approximate  cylinder  dimensions  for  an  air  refrigerating- 
machine  will  be  calculated  from  the  following  data:  The 
machine  is  required  to  have  an  ice-melting  capacity  of  3(K) 
pounds  of  ice  per  hour.  The  pressure  (absolute)  in  the  cold 
chamber  is  14.7  pounds  per  square  inch,  and  the  tempera- 
ture is  40°  F.  The  pressure  in  the  expansion  cylinder  at 
cut-off  is  50  pounds  gauge,  or  G4.7  pounds  absolute.  The 
initial  and  final  temperatures  of  the  cooling  water  are  G5** 
and  85°,  and  the  temperature  of  the  air  as  it  leaves  the 
cooler  is  95°  F.  The  machine  is  single-acting  and  makes 
75  strokes  per  minute. 

The  heat  (2,  abstracted  per  hour  is 

142.05  B.  T.  U.  X  300  =  42,795  B.  T.  U. 

The  heat  abstracted  per  stroke  is  wr^'"-..    =9.51  B.  T.  U. 

'  75  X  CO 


>oo 
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The  absolute  temperature  at  the  end  of  compression  is 

(t>  \  •"•'"  /G4  7\  •""'" 

^' j  =  (40^  +  400°)  X  (^ j  =  7G9. 33* 

hence,  t^  =  769.33°  -  460°  =  309.33°  F. 

The  temperature  7;  =  95°  +  466°  =  555° ;  according  to 
formula  (^), 

r.^r^  J;  =555X^3  =  360. 703°; 

therefore,        /^  =  360.703°  -  460°  =  -  99.297°. 
Substituting  known  values  in  formula  (/), 

9.51  =  .23751  X  i^  X  [40  -  (  -  99.297)  ], 

^  =  .23751  X  (iT"99:297)  =  '  ^'^^  P^"^^' 

The  volume  F^,  which  is  the  capacity  of  the  compressor 
cylinder,  can  now  be  found  from  formula  71,  Hiaf.  The 
weight  of  air  per  stroke  is  .2874  pound,  and  the  absolute 
temperature  T^  at  which  the  air  is  admitted  to  the  com- 
pressor is  40°  +  460°  =  500° ;  hence  the  volume  is 

K  =  ^  =  -3^05^  X^.yx  500  ^  3^^^  ^^   ^^ 

For  the  volume  V^  of  the  expansion  cylinder,  we  have, 
from  formula  (w), 

K  =  ^a  5*  =  3.622  X  ^^^^^  =  2.613  cu.  ft. 

J  a  OOU 

These  volumes  should  be  increased  about  20  per  cent, 
to  allow  for  the  loss  due  to  clearance  and  to  fall  of  pressure 
caused  by  the  resistance  of  valves  and  passages,  and  for 
various  imperfections  in  the  operation  of  the  machine. 
Making  this  allowance,  the  cylinders  may  have  the  following 
dimensions: 

Diameter  of  compression  cylinder,  22  inches  ; 
Diameter  of  expansion  cylinder,  18^  inches  ; 
Length  of  stroke  of  both  cylinders,  20    inches. 
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The  work  per  stroke  is 

778  X  .23751  X  .2874  X  [(769.33  -  555)  -  (500  -  360.703)]  = 

3,984.7  foot-pounds. 

The  net  horsepower  required  is 

nW  _  75  X  3.984.7  _ 

^^-Wm-     33,000     -^ofiH.P. 

The  gross  horsepower  will  be  about  ^  of  the  net  horse- 
power, or  12.08  H.  P. 

The  cooling  water  required  per  minute  is 

75  6^  =  75  "^p       ^  f'        <•/  -— 

75  X  .23751  X  .2874  X  (309.33  -  95)       ^,  ^^ 

— —--^ =  54.86  pounds. 

85  —  65 

The  theoretical  efficiency  of  the  machine  is 

y;    _       500       _ 

-  T,  -  Z;  ""  769.33  -  500  ~ 

Since  the  machine  transfers  heat  from  the  cold  room, 
where  the  temperature  is  40°,  or  500°  absolute,  to  the 
condensing  water,  the  final  temperature  of  which  is  Ty  = 
^5^'  +  40O '  =  545°,  the  maximum  i)ossible  efficiency  of  a 
perfe(  t  engine  working  between  these  temperatures  through 
a  Carnot  cycle  is 

/:■„.  =  y;5^=  5^5^,-  n.ll.      (See  Art.  1340.) 

The  theoretical  efficiency  is  therefore  only  about  ^  of  the 
maximum  theoretical  efficiency. 

1347.  Capacity  of  Air  Machine. — A  formula  for 
the  theoretical  ice-melting  capacity  of  an  air  refrigerating- 
ma(^hine  may  be  derived  as  follows:  Let  T^  denote  the  tem- 
perature of  the  air  entering  the  compressor;  if  the  cycle  is 
c1os(m1,  7\  is  the  same  as  7',,  Art.  1345,  but  in  general  this 
is  not  the  case.  As  in  the  previous  discussion,  / '„  and  f^ 
are  the  volumes  of  the  comjjression  and  expansion  cylinders. 
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T,i  the  temperature  of  the  air  at  the  end  of  expansion,  and 
T^  the  temperature  of  the  cooling  chamber.  Let  /,  denote 
the  pressure  at  the  end  of  expansion ;  this  pressure  should 
be  that  of  the  atmosphere,  14.7  pounds,  if  the  expansion 
cylinder  is  properly  proportioned  and  the  valves  are  set 
correctly. 

The  weight  of  air. J/  entering  the  compressor  per  stroke 
is  given  by  the  formula 

P  V 
whence  i^/  =  %l  Ji, 

K  y, 

Provided  there  is  no  loss  of  air  in  passing  through  the 
machine,  the  same  weight  of  air  must  be  delivered  by 
the  expansion  cylinder;  that  is, 

R  r; 

The  heat  abstracted  per  stroke  is 

Using  the  second  value  of  J/, 

If  ;/  denotes  the  number  of  strokes  per  minute,  the  heat 
H  extracted  in  24  hours  is  given  by  the  expression 

H=24.X  60  X  ^^^^(7^-7;)  = 


24X60X^^^^(-J^-1). 


Now,  making  use  of  formula  109,  the  ice-melting  capac- 
ity is 

F-       ^      -  ^^X  ^0  V  IIpAL"  it  -  T\- 
285,300  "285,300'^      R'J\     ^    "         "' ~ 

24x_e0      ns„pj',  ir^  _   \ 
285,300^         R         \Ta        )' 
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Subslituting  the  numerical   values  .'i:!751  and  .;i7n52  for 
p  and  R,  we  obtain  finally 


(114.) 


:.  003235  «/>, 


'^(^-0 


It  the  weight  of  air  is  found  from  the  delivery  of  the 
expansion  cylinder,  the  pressure  /,  may  be  found  by  means 
of  an  indicator.  If  an  indicator  is  not  available,  the  pres- 
sure  may  be  taken  as  14.7  lb.  per  square  inch.  The  tem- 
perature 7",,  and  T„  must  also  be  determined. 

Example. — The  diameter  of  the  eipansion  cylinder  is  21  inches  and 
the  stroke  is  S4  inches.  The  temperature  of  the  air  after  expansion  is 
—  53",  the  temperature  of  the  refrigerating  chamber  is  33".  and  the 
pressure  in  the  chamber  is  14.7  lb.  per,sq.  in.  The  machine  makes 
70  strokes  per  minute.     Required,  the  theoretical  ice-melting  capacity. 

SoLCTioN. — The  volume  Vi  oJ  the  cylinder  is ",„„    —  = 

<.S1  cu.  ft. 

r„  =  460"  +  83'  =  493°.  and  Ta  =  460'  -  52'  =  408°. 
Substituting  these  values  in  formula  1 14, 

F=  .003235  X  10  X  14.7  X  4.81  X  (^  -  l)=  8.886, 
the  ice-melting  effect  in  tons  per  24  hours.     Ans. 

1348.  Economy  of  tbe  Air  Macblnc— The  ideal 
air  refrigerating-machine,  like  the  ideal  hot-air  engine,  has 
theoretically  a  high  efficiency.  In  practice,  however,  the  air 
machine  has  proved  to  be  a  wasteful  and  uneconomical 
machine,  and  it  is  at  present  rarely  used,  save  under  excep- 
tional circumstances.  The  principal  reasons  for  the  ineffi- 
ciency of  the  actual  air  machine  are  as  follows; 

I.  Friction. — As  Che  cooling  effect  is  accomplished  by 
means  of  the  increase  of  the  sensible  heat  in  the  air  and  not 
by  the  latent  heat  of  evaporation,  as  in  the  case  of  the 
ammonia  machine,  it  follows  that  the  compression  cylinder 
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t  must  be  large.  In  practice,  the  cylinder  of  the  air  machine 
has  about  twenty  times  the  capacity  of  that  of  an  ammo- 
nia machine  of  the  same  tonnage;  the  usual  quantity  of  air 
delivered  per  minute  is  about  one  hundred  cubic  feet  per  ton 
of  ice-melting  capacity.  This  increase  in  the  size  of  the 
cylinders  as  compared  with  those  of  other  classes  of 
machines  means  a  much  greater  expenditure  of  work  in  fric- 
I  tion.  In  actual  practice,  this  friction  loss  amountsto  about 
(  25  per  cent,  of  the  total  work. 

!.  Clearance. — In  the  case  of  the  air  machine  there  are 
f  two  cylinders,  a  compression  and  an  expansion  cylinder, 
I  instead  of  the  single  compression  cylinder  of  the  ammonia 
(•machine.  There  is,  therefore,  at  least  double  the  clearance 
I  space.  The  air  machines  are  usually  built  with  a  short 
stroke,  which  also  increases  the  clearance  per  cubic  foot  of 
air  pumped. 

Clearance  spaces  greatly  decrease   the  efficiency  of  any 

machine  that  has  to  compress  a  gas,  for  if  the  piston  does 

not  come  up  close  to  the  head  at  the  end  of  its  stroke,  it 

'  can  not  expel  all  the  gas  or  air,  and  the  portion  that  is  left 

I  expands  again  in  the  cylinder  and  virtually  cuts  down  the 

I   capacity  of    the  machine   by  that    amount.      It    has    been, 

I  therefore,  the  study  of  all  builders   of  machines  for   com- 

l  pressing  gases  to  do  away  with  clearance  spaces  as  much  as 

possible. 

3.  Cylinder  Superheating. — When  air  is  compressed,  it 
I  becomes  heated  and  naturally  heals  the  walls  of  the  cylin- 
■  der.  The  cylinder  being  hot,  the  air  drawn  in  during  the 
next  stroke  also  becomes  heated.  This  heating  reduces  the 
density  of  the  air,  which  affects  both  capacity  and  economy. 
In  order  to  overcome  this  difficulty,  the  cylinder  was  jack- 
eted, but  this  only  partly  remedied  the  defect,  owing  to  the 
slow  transmission  of  heat  through  the  walls  of  the  cylinder. 
The  Bell-Coleman  Co.  then  added  to  their  machine  water 
injection  during  compression.  The  injection  did  away 
largely  with  the  cylinder  superheating,  but  augmented 
another  defect,  namely: 


i 
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4.  Moisture. — ^Air  at  any  ordinary  temperature  can  hold 
a  certain  amount  of  water  vapor  in  suspension.  The  limit, 
or  point  of  saturation,  that  is,  the  point  at  which  the  air 
can  hold  no  more  water  vapor,  is  called  the  de^v'  point. 
^When  this  point  is  reached,  the  excess  of  moisture  above 
that  which  the  air  is  able  to  hold  is  precipitated  in  the  form 
of  dew.  The  weight  of  moisture  contained  in  a  given  vol- 
ume of  air  at  the  dew  point  is  not  the  same  for  all  tempera- 
tures; in  fact,  air  will  hold  in  suspension  four  times  the 
weight  of  moisture  at  72°  that  it  will  at  32°.  Assume  that 
the  air  on  entering  the  expansion  cylinder  is  at  a  tem- 
perature of  72^  and  is  saturated  with  moisture.  As  the 
temperature  fails  during  expansion,  the  water  is  gradually 
precipitated  out  and  condenses  on  the  walls  of  the  cylinder. 
The  water  cools  as  the  expansion  goes  on  until  it  reaches 
32°,  and  then  it  freezes.  The  condensation,  cooling,  and 
freezing  of  the  water  take  a  great  deal  away  from  the  use- 
ful effect  of  the  machine.  Besides,  the  snow,  which  is  the 
result  of  freezing  the  moisture,  often  gives  trouble  by  clog- 
ging the  valves. 

The  Hashim  Foundry  and  Engineering  Co.,  Derby,  Eng- 
land, make  what  is  known  as  a  **  dry-air  "  system.     They 
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place  a  drier  in  the  sucti<)n-pii)e  from  the  condenser  to  the 
expansion  cylinder.  The  compression  cylinder  A^  Fig.  320, 
takes  the  cold  air  from  the  refrigerator  box  D.     On  its  way 
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to  A,  this  cold  air  passes  through  the  pipes  of  the  drier  A/. 
The  cold  strikes  through  these  pipes  and  cools  the  air  sur- 
rounding the  pipes  on  its  way  from  the  receiver  R'  to  the 
expansion  cylinder  B.  The  air  gives  up  a  large  percentage 
of  its  moisture  in  the  drier,  and  the  frosting  in  the  cylinder 
B  is  much  diminished. 


LATENT-HEAT  REFRIGERATING- 

MACHINES. 


FLUIDS  USED  AS  REFRIGERATING  AGENTS. 

1349«  The  air  refrigerating-machine  produces  its  re- 
frigerating effect  by  means  of  the  fall  of  temperature  inci- 
dent to  adiabatic  expansion.  In  all  other  refrigerating- 
machines,  the  abstraction  of  heat  is  brought  about  by  the 
vaporization  of  some  liquid  having  a  low  boiling  point. 
Such  machines  may  be  classed  as  latent-tieat  refrigerating- 
machines. 

1350*  Theoretically,  any  volatile  liquid  may  be  used  as 
a  working  fluid  in  a  latent-heat  machine;  there  are,  however, 
various  considerations  of  a  practical  nature  that  govern  the 
choice  of  the  liquid.  The  chief  requisites  of  the  fluid  used 
are:  (1)  It  should  vaporize  at  a  low  temperature  when  at 
ordinary  atmospheric  pressure.  (2)  It  should  have  a  high 
latent  heat. 

The  fluids  that  have  been  used  in  compression  machines 
are  ether,  sulphur  dioxide,  anhydrous  ammonia,  and  Pictet's 
fluid. 

1351*  The  following  table  gives  the  boiling  points  and 
latent  heats  of  various  substances  at  atmospheric  i)rcssure, 
14.7  pounds  per  square  inch. 
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TABLE  23. 


Substance. 

Temperature 

of  Boiling 

Point. 

Latent  Heat, 
B.T.  U. 

Specific  Heat 
of  Liquid. 

Nitric  Acid 

248°  F. 

226°  F. 

212°  F. 

173°  F. 

140°  F. 

95°  F. 

-  10°  F. 

14°  F. 

-28.5°F. 

-  140°  F. 

•  •  •  • 

•  •   •  • 

966 

.  •  •  • 

•  • . . 

170 

.     •    a    • 

168.7 

673 

141 

Saturated  Brine 

Water 

■       •      •       • 

1.0000 

Alcohol 

Chloroform 

Ether,  Sulphurous 

Ether,  Methyl 

Sulphur  Dioxide 

Anhydrous  Ammonia. . 
Carbon  Dioxide 

.  5299 

•   «  •   • 

.4100 

1.0058 

.9550 

Under  a  pressure  of  342  pounds  per  square  inch,  carbon 
dioxide  boils  at  a  temperature  of  5°.  Its  latent  heat  under 
the  same  conditions  is  121.5. 


BTHBR. 

1352.  Early  in  the  history  of  ice-making  and  refriger- 
ating machines,  ether  was  almost  universally  used  as  the 
working  fluid.  This  was  due  to  its  high  condensing  tem- 
perature and  consequent  low  condensing  pressure.  This 
low  condensing  pressure  made  it  possible  to  use  compression 
pumps  of  ordinary  construction,  very  much  after  the  style 
and  pattern  of  air-pumps.  However,  the  disadvantages  in 
the  use  of  ether  were  found  to  be  very  great ;  the  first  cost 
of  ether  is  considerable ;  but  the  greatest  objection  to  it  is 
its  inflammability  and  its  liability  to  explode  when  mixed 
with  air.  . 

SULPHUR   DIOXIDB. 

1353.  The  objections  to  ether  led  to  further  investi- 
gation.    Sulphur  dioxide  was  found  to  be  more  efficient  than 
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ether,  for,  though  it  required  a  higher  condensing  pressure, 
it  did  not  require  to  be  evaporated  under  a  vacuum.  Con- 
sequently the  compression  pumps  were  made  somewhat 
smaller  for  a  given  capacity,  but  were  built  stronger  and 
more  attention  was  given  to  the  elimination  of  clearance 
spaces.  The  temperatures  produced  with  sulphur  dioxide, 
though  lower  than  that  obtained  with  ether,  were  not  suffi- 
ciently low. 

Table  24  gives  the  leading  properties  of  sulphur  dioxide. 

TABLE    24. 


PROPERTIES  OP  SATURATED  SULPHUR   DIOXIDE. 


Tempera- 
ture of 
Ebulli- 
tion in 
Deg.  F. 

Absolute 
Pressure 

in  Lb. 
per  Sq.  In. 

Total  Heat 

Reckoned 

from  82" 

Fahr. 

Heat  of 

Liquid 

Reckoned 

from  82'' 

Fahr. 

Latent 

Heat  of 

Va|X)riza- 

tion. 

Density 
of  Vapor 

or 
Weight 

of  1 
Cubic  Ft. 

Deg.  F. 

Lb. 

B.  T.  U. 

B.  T.  U. 

B.  T.  U. 

Lb. 

-40 

3.16 

155.22 

-17.76 

172.98 

.048 

-31 

4.23 

156.39 

-16.55 

172.94 

.062 

-22 

5.56 

157.55 

-15.05 

172.60 

.079 

-13 

7.23 

158.69 

-13.26 

171.95 

.099 

-  4 

9.27 

159.82 

-11.18 

171.00 

.124 

5 

11.76 

160.93 

-   8.82 

169.75 

.154 

14 

14.75 

162.02 

-   6.17 

168.19 

.190 

23 

18.31 

163.10 

-   3.23 

166.33 

.232 

32 

22.53 

164.16 

0.00 

164.16 

.282 

41 

27.48 

165.21 

3.52 

161.69 

.341 

50 

33.26 

166.24 

7.32 

158.92 

.410 

59 

39. 93 

167.25 

11.41 

155.84 

.491 

68 

47.62 

168.25 

15.79 

152.46 

.584 

77 

56.39 

169.23 

20.45 

148.78 

.692 

86 

66  37 

170.20 

25.41 

144.79 

.819 

95 

77.64 

171.15 

30.65 

1 40. 50 

.  965 

104 

90. 32 

172.08 

36. 18 

135.90 

1.131 
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PICTBT  FLUID. 

1 354.  It  was  found  by  Prof.  Pictet,  a  Swiss  physicist, 
that  a' mixture  of  97^  of  sulphur  dioxide  and  djt  carbon 
dioxide,  commonly  known  as  carbonic  acid  gas,  gives  a  boil- 
ing point  14^  F.  lower  than  pure  sulphur  dioxide.  This 
liquid,  or  rather  mixture,  has  been  since  known  as  Plctct 
Fluid.  Its  latent  heat  has  never  been  closely  determined, 
but  is  very  nearly  the  same  as  that  of  pure  sulphur  dioxide. 


CARBON  DIOXIDB. 


1355*  This  liquid  has  the  lowest  boiling  point  of  any 
of  the  fluids  employed  in  refrigeration.  Under  a  gauge 
pressure  of   200  pounds  per   square   inch,   it  will  have  a 
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TABLE   25. 

SBON  Dioa 

PRC 

i  OP  8ATURATBD  CAl 

LinB. 

Tem- 
perature 
of  Ebul- 
lition in 
Deg.  F. 

Absolute 

Pressure 

in  Lb.  Per 

Sq.  In. 

Total  Heat 
from  32^  F. 

Heat  of 

Liquid 

from  32^  F. 

Latent  Heat 

of  Va|X)ri- 

zation. 

Density  of 

Vapor,  or 

Weight  of 

1  Cu.  Ft. 

-  22 

210 

98.35 

-  37.80 

130.15 

2.321 

-  13 

249 

99.14 

-  32.51 

131.05 

2. 759 

-    4 

292 

99.88 

-  20.91 

12(J.79 

3.205 

5 

342 

100.58 

-  20.92 

121.50 

3. 853 

U 

390 

101.21 

-  14.49 

115.70 

4.535 

23 

457 

101.81 

-     7.50 

109.37 

5.331 

32 

525 

102.35 

0.00 

102.35 

0.205 

41 

599 

102.84 

8. 32 

94. 52 

7.374 

50 

680 

103.24 

17.00 

85. 04 

8. 708 

50 

708 

103.59 

28.22 

75.37 

10.350 

()S 

!       804 

103.84 

40.  m 

'       02. 98 

12.480 

i  t 

908 

103.95 

57.or» 

'       40.89 

1 

15.475 

sr; 

1,US() 

103.72 

84.44 

1        19.28 

21.519 
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temperature  of  about  —  22°  F.  Its  condensing  pressure  is 
correspondingly  high,  being  about  90(1  pounds  per  square 
inch  for  a  water  temperature  of  70°  F. 

Table  25  gives  the  properties  of  carbon  dioxide  at  dif- 
ferent temperatures. 


AMMONIA. 

1356.  Cbemleal  CumpoHttlon. — One  atom  of  nitro- 
gen combines  with  three  atoms  of  hydrogen  to  form  one 
molecule  of  ammonia ;  this  is  the  only  combination  of 
these  two  elements.  The  ordinary  ammonia  of  commerce  is 
a  solution  of  ammonia  gas  in  water,  and  is  properly  known 
as  aqua  ammonia.  The  gas  which  passes  off  from  the 
aqua  ammonia  is  the  ammonia  formed  by  the  combination  of 
nitrogen  and  hydrogen.  When  this  ga.s  is  entirely  free 
from  vapor  of  water,  it  is  called  anhydrous  ammonia  gas. 

1357.  Physical  Properties. — Ammonia  gas,  when 
liquefied  under  a  high  pressure  and  allowed  to  evaporate 
under  atmospheric  pressure,  gives  a  temperature  of  28. 5°  F. 
below  zero.  Liquid  anhydrous  ammonia  when  subjected  to 
a  temperature  of  —  115°  F.  freezes  and  forms  a  solid.  In 
this  state  it  is  almost  odorless  and  is  heavier  than  the  liquid. 

Ammonia  has  no  effect  on  either  iron  or  steel,  but  rapidly 
I  corrodes    copper    and    brass.      It   is  therefore  necessary  to 
make  the  parts  of   ammonia  machines  out  of   the  former 
metals. 

At  a  temperature  of  900°  F.,  the  gas  is  resolved  into  its 

constituent  elements.     But  it  is  probable  that  this  dissocia- 

,  tion  occurs,  to  a  limited  degree,  at  much  lower  temperatures. 

Ammonia  is  not  inflammable  at  ordinary  temperatures, 

'  but  if  mixed  with  oxygen  will  burn  with  a  pale-yellow  flame. 

The  liquid  will  not  explode,  but  when  run  into  drums  or 

flasks,  room  should  be  left  for  expansion.     Like  almost  all 

liquids,   ammonia   expands  when   heated,   and  if  sufficient 

^B  space  is  not  left  for  expansion,  the  flask  is  likely  to  burst  if 

tin 


t 

I 

1 
c 
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TABLE   2B. 

PROPERTIES  OP  KATLRATCn  AMMOKI 

*- 

Tkmpkha. 

PHKaSURE, 

"",-' 

V<.Jj.m« 

V0}nm^ 

Weighl 

pT^T,^., 

Liquid 

Cu.  PC 
of  V.pnr, 

D.Br«..K 

per  Sq;  m. 

Units. 

Cu.  Fl. 

Cu-Ft. 

Pounrls. 

' 

/ 

" 

!■■ 

=. 

-   40 

10.  «s 

579.67 

24.3700 

,0234 

.0410 

-   85 

13.31 

578.08 

21.2000 

0336 

.0487 

-   BO 

14,18 

678.69 

18.6600 

0237 

.0585 

-   25 

16.17 

570.08 

16.4100 

0338 

.0809 

-  20 

ia*5 

fi67.87 

14.4800 

0240 

.0690 

-   15 

ao.iffl 

564.64 

12.8100 

0242 

.0779 

-   10 

23.77 

581.S1 

11.8600 

0243 

,0H7S 

-      5 

36.88 

658.66 

10.1200 

0344 

.0989 

0 

80.87 

555.50 

9.0400 

0346 

.1109 

+      5 

34.17 

553.43 

8.0600 

0247 

.1341 

+    111 

38.55      ;      540.85 

7.3300 

0349 

-1384 

+    la 

43.93     !      546.20 

6.4900 

0250 

-IMO 

+   20 

47.05 

643.15 

5.8400 

0252 

.1713 

+   85 

53.43 

540.03 

5.3600 

0253 

.1001 

+   30 

50.41 

536.92 

4.7500 

0254 

,2105 

+    35 

63.03 

533.78 

4.8100 

0256 

.2320 

+    40 

73.00 

530.83 

S.8100 

0357 

.2588 

+    45 

80.66 

537.47 

8.5600 

0260 

-2809 

+    50 

88.96 

534.30 

8.2500 

0260 

.8076 

+    55 

117.83 

521,12 

2,9600 

0260 

.3878 

+    BO 

107.80 

517,93 

2.7000 

0265 

.3704 

+    «5 

118,03 

514.73 

a.  4800 

0366 

.4034 

+   70 

12B.21 

611.52 

2.2700 

0268 

.4405 

+    15 

141.25 

506.29 

2.0800 

0370 

-4im 

+    80 

154.11 

504.66 

1.9100 

0272 

5236 

+   85 

167.86 

501-81 

1.7700 

0273 

.5(M9 

+    BO 

182.  tJO 

498.11 

1.6400 

0274 

.6098 

+    B5 

198.87 

405.29 

1.5100 

0977 

.8823 

+  100 

215.14 

401.50 

1.3900 

0278 

.7194 

+  105 

232.98 

4>'8.73 

i.a«90 

0281 

.7757 

+  110 

251.97 

485.42 

1.2080 

0288 

.8319 

+  115 

272. 14 

482.41 

1,1310 

028.-. 

,8912 

1-iao 

283.49 

478.79 

1.0410 

0287 

.8808 

+  125 

816.16 

475.45 

.8698 

0289 

1.IW10 

+  180 

340.42 

47211 

.9051 

0301 

t.l048 

+  185 

865.10 

468.75 

.8457 

0208 

1.1834 

+  140 

302.22 

485.38 

.7810 

0295 

1.8843 

+  iV> 

420.48 

482.01 

.7408 

0297 

1.S497 

+  150 

450.20 

458.82 

.6946 

0299 

1.4396 

+  155 

481.54 

45.5.2S 

.8511 

0802 

1.5358 

+  180 

514.411 

451,81 

.6128 

0304 

1.8318 

+  165 

649.04 

448.38 

.6785 

0306 

1.7344 
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1358.  The  leading  properties  of  ammonia  that  are 
dependent  upon  the  pressure  or  temperature  are  given  in 
Table  26,  which  is  taken  from  Wood's  ** Thermodynamics." 
The  table  is  calculated  from  the  following  formulas,  which 
are  based  partly  on  experimental  data  and  partly  on  thermo- 
dynamic principles  : 

Let  /  =  absolute  pressure  of  gas  or  vapor  in  pounds  per 
square  inch; 
t  =  temperature  of  vapor,  Fahrenheit ; 
V  =  volume  of  one  pound  of  vapor; 
v^=i  volume  of  one  pound  of  ammonia  liquid; 
ze/=  weight  of  one  cubic  foot  of  vapor; 
r  =  latent  heat  of  vaporization  in  B.  T.  U. 

Then,  log  /  =  6.2495  -  j^^^-^.  (115.) 

^*      .  6502  -  .  000778  /'  U  * «.  j 

V  =v^-\-  .001 07^/ +  .4923^.  (117.) 

/  / 

1 
w  =  — . 

V 

r  =  555.5  -  .613  /  -  .000219  t\  (118.) 

It  will  be  noted  that  with  ammonia  vapor,  as  with  all 
other  saturated  vapors,  the  temperature  depends  only  upon 
the  pressure,  and  ince  versa;  the  relation  between  the 
temperature  and  pressure  is  given  by  formula  115. 

A  comparison  of  the  properties  of  ammonia  with  those  of 
other  refrigerating  fluids  shows  that  the  latent  heat  of 
vaporization  of  ammonia  is  much  greater  than  that  of  other 
fluids.  This  property  makes  ammonia  especially  desirable 
as  a  refrigerating  agent,  because,  on  account  of  the  high 
latent  heat,  a  greater  refrigerating  effect  per  pound  of  fluid 
circulated  can  be  obtained  with  ammonia  than  with  the 
other  agents. 
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1359.  Specific  Heat. — The   specific   heat    of   liquin 
anhydrous   ammonia   has   been   variously   computed  to  t 
from  1   to  l.i  that  of   water.     The  latest   determination! 
show  it  to  be   1.0058,   virtually   the  same  as  water.    Thef 
specific  heat  of  ammonia  gas  is  ,508. 

1360.  Saturated  and  Superheated  Gaa.^-WhcnJ 

the  temperature  of  the  ammonia  gas  is  the  same  as  that  i 
the  boiling  point  of  liquid  anhydrous  ammonia  due 
pressure  of   the   gas.    the   gas,    or   rather   vapor,   is  at  it9| 
greatest  density  and  is  said  to  be  saturated.      If  heat  i 
applied  to  this  saturated   gas   so   that  its   teraperatu' 
increased   while   the   pressure   remains  constant,    the   gaaa 
becomes  superheated  and  approaches  very  nearly  a  perfet 
gas   in   its   properties.      (See   Steam  and  Steam   Enghies,n 
Arts.  1191   and  1192.) 

The  relation  between  the  pressure  volume  and  tempera- 
ture of  superheated   ammonia  gas  has  not  yet   been   accu- 
rately determined.     For  ordinary    purposes,  however,    the  ■ 
following  equation  is  sufficiently  exact ; 
IM  T, 


(119.) 

■eight   of    gas   and    T  is   the   absolutei' 


where   M  is   the 
temperature. 

Corresponding  to  formulas  81,86,  and  87,  Heat.  wtM 
have  the  following  approximate  formulas  for  the  aiiiabatie\ 
expansion  of  superheated  ammonia: 


(120.) 

(121.) 

(122.) 


1361.     Aqua   Ammonia. — As   already   stated    (A 
1356).  aqua  ammonia,  known  also  as  ammonia  llquoril 

is  a  solution  of  ammonia  gas  in  water.  At  'Ai"  F.  and  under! 
atmospheric  pressure,  walerwill  absorb  1,140  times  its  vol-J 
ume  of  ammonia  gas.     The  amount  of  gas  held  ia  solulionj 
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affects  the  specific  gravity  of  the  solution;  the  more  gas 
absorbed  the  less  the  density.  The  amount  of  ammonia 
that  can  be  absorbed  by  water  is  governed  by  the  tempera- 
ture of  the  water  and  the  pressure  of  the  gas.  The  colder 
the  water  and  greater  the  pressure,  the  greater  the  quantity 
of  ammonia  taken  up. 

1362.  The  strength  of  a  solution  of  anhydrous  ammonia 
in  water  is  determined  by  an  instrument  called  a  hydrom- 
eter—Beau  me' s  hydrometer — which  is  used  for  determin- 
ing the  densities  of  various  liquids,  as  shown  in 
Fig.  321.  It  consists  of  a  glass  tube  with  a  bulb 
near  the  middle  and  a  second  bulb  near  the  end, 
partly  filled  with  mercury,  A  graduated  scale 
is  marked  on  the  stem.  When  this  instrument 
is  placed  in  a  liquid,  it  is  evident  that  it  will 
sink  deeper  the  less  the  density  of  the  liquid; 
hence  the  density  will  be  indicated  by  the  mark 
on  the  scale  at  the  level  of  the  liquid.  For 
liquids  lighter  than  water,  the  point  to  which 
the  instrument  sinks  when  placed  in  a  solution 
of  10  parts  of  salt  to  90  of  water  is  marked  0°,  and 
the  point  to  which  it  sinks  in  distilled  water 
The  space  between  the  two  marks  is  divided  into  10  parts,  and 
the  division  is  continued  to  the  top  of  the  stem.  The  hydrom- 
eter thus  graduated  is  generally  used  for  ammonia  solu- 
tions, though  there  is  another  graduation  in  which  the  read- 
ing for  pure  water  is  0°  instead  of  1(1°. 

In  Table  37,  the  first  column  gives  the  number  of  parts 
of  ammonia  gas  in  100  parts  of  the  solution,  the  second 
column  gives  the  specific  gravity  of  the  solution,  and  the 
third  column  gives  the  corresponding  reading  on  the 
Beaume  hydrometer.  For  example,  if  the  hydrometer 
reading  is  1G°,  the  solution  consists  of  lo  parts,  by  weight,  of 
ammonia  to  !)0  parts  of  water,  and  the  specific  gravity  of 
the  solution  is  .DflO. 

11363.  Heat  of  Abttorptlon.—As  stated  in  Hcat.M 
chemical  actions  are  accompanied  by  an  increase  or  decrease 
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TABLE    27. 


STHBNGTH    OF    AMMONIA    LIODUK. 


PereenUffe  of 
Ammonia  by 

Unn,>lAn    1^               '1 

Degrees 

Beaum«. 

apecl&c  liraTity. 

WeiBht. 

Water  10'. 

Water  0% 

0 

1.000 

10.0 

0 

1 

.993 

ll.O 

1.0 

a 

.986 

12.0 

%.o 

4 

.979 

13.0 

3.0 

6 

.972 

14.0 

4.0 

8 

.966 

15.0 

5.0 

10 

.960 

16.0 

6.0 

VI 

.963 

17.1 

7.0 

14 

.945 

18.3 

8.2 

16 

.938 

19.6 

9.2 

18 

.931 

80.7 

10.3 

20 

.925 

21.7 

11.2 

22 

.919 

22.8 

12.3 

24 

,913 

23.9 

13.2 

26 

.907 

24.8 

14.3 

28 

.902 

26.7 

16.2 

30 

.897 

26.6 

16.2 

32 

.892 

27.6 

17.3 

34 

.888 

28.4 

18.2 

36 

.884 

29.3 

19.1 

38 

.880 

30.2 

20.0 

in  the  temperature  of  the  mixture.  This  is  especially  true 
of  solutions.  In  the  case  of  ammonia  absorbed  in  water, 
9:J5.7  B,  T.  U.  is  given  up  for  each  pound  of  ammonia  gas 
absorbed  under  atmospheric  pressure.  Though  no  very 
exhaustive  experiments  have  been  made  on  this  subject, 
results  deduced  from  the  practical  running  of  re  frige  rating- 
machines  show  that  this  figure  is  practically  constant. 


I 


PRINCIPLES  OF  REFRIGERATION.  778 

Since  heat  is  given  up  wlitnamnioni.-i  gas  is  absorbed,  heat 
will  be  absorbed  when  the  gas  is  again  liberated  from  the 
water.  The  quantity  of  heat  necessary  to  liberate  one 
pound  of  anhydrous  gas  hi>'i5.7  B.  T,  U.,  the  same  amount 
of  heat  that  is  given  out  by  the  solution  when  the  gas  is 
being  absorbed. 

1364.  Teats  for  Ammonia. — If  it  is  desired  to  test 
the  purity  of  liquid  anhydrous  ammonia,  draw  some  out 
into  a  flask  having  a  cork  with  a  bent  tube  inserted  in  it. 
Wrap  the  flask  up  in  dry  waste  or  cloth  before  drawing  off 
the  ammonia,  or  the  fingers  are  liable  to  be  frozen  fast  to 
the  flask.  The  liquid  ammonia  evaporates  slowly,  the  gas 
passing  out  of  the  bent  tube.  If  an  accurate  low-tempera- 
ture thermometer  is  obtainable  and  is  immersed  in  the  boil- 
ing liquid,  it  should  indicate  a  temperature  of  —28.5°  F.,  with 
normal  barometric  pressure.  If  the  liquid  is  pure  anhy- 
drous ammonia,  there  should  be  no  residue  left  in  the  flask. 
A  deposit  of  oil  or  water  indicates  impure  ammonia. 

To  detect  a  leak  in  piping  in  case  the  odor  does  not  betray 
it,  hold  a  glass  rod  moistened  with  muriatic  acid  near  the 
supposed  leak.  A  white  fume  rising  from  the  rod  indicates 
an  escape  of  ammonia. 

To  detect  ammonia  leaks  in  piping  under  water  or  brine, 
add  to  a  sample  of  the  suspected  liquid  a  few  drops  of 
NcssUr's  Reagent ;  a  yellow  coloring  indicates  traces  of 
ammonia,  but  if  the  quantity  of  ammonia  is  large,  the  color 
changes  to  a  dark  brown. 

1 365.  To  Prepare  "  Nessler'H  Reagent." — Dissolve 
17  grams  (O.ti  oz.)  of  mercuric  chloride  in  about  ;SliO  cubic 
centimeters  (1(1^  fluid  oz.)  of  distilled  water;  dissolve  35 
grams  (IJ  oz.)  of  potassium  iodide  in  100  cubic  centimeters 
(3i  oz.)  of  water;  add  the  former  solution  to  the  latter, 
with  constant  stirring,  until  a  slight   permanent   red  pre- 

I   cipitate  is  produced.      Next  dissolve    120   grams  (4^oz.)of 

L  potassium  hydrate    in  about  200  cubic  centimeters  (7  oz. ) 

f  of  water;  allow  the  solution    to  cool;  add   it    to   the  above 

solution,  and  make  up  with  water  m  one  liter  (33}  oz.),  then 
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add  mercuric  chluHde  soliitiun  until  a  permanent  precipitatj 
again  forms;  allow  to  stand  till  settled,  and  decant  c 
clear  solution  for  use ;  keep  it  in  glass-stoppered  bine  bottles, 
and  set  away  in  a  dark  place  to  keep  it  from  decomposing. 


RBLATIVB  BPFBCT  OF  RBFRIGBRATtNG  FLUIDS. 

1366.     The  density  of  the  gas  at  the  evaporating  tera 

perature  and  the  latent  heat  of  the  liquid  determine  the  size  | 
of  the  compression  cylinder  necessary  for  any  required  ca-l 
pacity.     The  same  machine  working  between  5°  and  04.4" 
will  give  the  following  cooling  effects  per  cubic  foot  of  com'] 
pressor  piston  displacement  under  theoretically  perfect  c 
ditions: 

Carbon  Dioxide 248. 18  B.  T.  U. 

Ammonia 62.75  B.  T.  U. 

Sulphur  Dioxide 22.88  B.  T.  U. 

Sulphuric  Ether 3.68  B.  T.  U. 

THE  AMMONIA    COMPRESSION    SYSTEM. 


1367.    Supp- 
supplied    with   a 


liquid  ammonia, 
and  is  lost. 


GCNERAL    UBSCRIPTION. 

5e  a  flask  or  ordinary  bottle  B,  Pig.  32i,  I 
cork  having  a  bent  tube  G  inserted,  ] 
be  partially  filled  with  anhydrous  I 
ammonia.  This  can  be  done  easily, 
as  the  evaporation  of  the  ammonia  is 
comparatively  slow,  owing  to  its  high  I 
latent  heat.  As  the  ammonia  enters  J 
the  flask,  frost  will  begin  to  gather  on  j 
the  outside.  If,  now,  we  place  this  1 
flask  into  a  pail  A  partially  filled  with  f 
water  T,  in  a  short  time  ice  D  will  | 
begin  to  gather  on  the  outside  of  the  I 
flask.  This  is  the  simplest  form  o£  1 
ice-machine,  but  in  this  form  the  | 
hen  it  uvaporatcs,  passes  out  of  the  fl.asilc  ] 
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As  with  all  volatile  vapors,  the  temperature  at  which 
vaporization  (or  condensation)  occurs  rises  as  the  pressure 
of  the  vapor  increases.  To  prove  this,  insert  a  thermom- 
eter into  the  flask  so  that  the  bulb  is  immersed  in  the  boil- 
ing  ammonia.  The  temperature  will  fall  rapidly,  and  if  the 
thermometer  is  correct,  it  should 
register  38.5°  below  zero.  Take 
a  piece  of  pipe;  weld  or  plug  one 
end  and  fit  the  other  with  a  cap 
B,  Fig,  323.  Arrange  a  stuffing- 
box  C  about  the  thermometer  7' 
in  the  cap ;  also  provide  an  open- 
ing connecting  with  the  pressure  \ 
gauge  P.  Unscrew  the  cap  and 
pour  the  contents  of  the  flask 
into  the  pipe  ,-1  and  screw  on  the 
cap5.  If thegaugepointstozero, 
the  thermometer  should  still  read 
—2^.5"  F.  Watch  the  gauge  and 
thermometer  carefully.  The  am- 
monia evaporating  in  the  pipe 
liberates  gas.  As  this  gas  can 
not  escape,  it  creates  a  pressure 
in  the  pipe,  which  will  be  shown 
on  the  gauge,  and  a  correspond- 
ing increase  in  the  temperature 
of  the  boiling  ammonia  wiil  be- 
come apparent.  This  wiil  con- 
tinue until  the  temperature  of  the 
liquid  will  be  identical  with  the  ''""   *^' 

surrounding  objects.  Assume  this  temperature  to  he  about 
70°  F. ;  the  gauge  should  then  show  a  pressure  of  I  lit)  pounds 
per  square  inch.  If,  therefore,  we  keep  the  temperature  of 
the  pipe  at  7i)°  by  immersing  it  in  water  at  that  tempera- 
ture, and  arrange  to  keep  a  pressure  slightly  in  e.tcess  of  13li 
pounds  per  square  inch  in  the  pipe,  no  further  evaporation 

■     will  take  place,  and  the  remaining  liquid  ammonia  will  lie 

^H  quietly  in  the  pipe. 

K  : 
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1368.  From  the  foregoing,  it  is  apparent  that  if  some 
means  be  devised  of  taking  the  evaporating  gas  as  it  leaves 
the  flaslf  in  Fig.  322  and  transfer  this  gas  into  the  pijK;  of 
Fig.  ;J2;i,  it  would  be  possible  to  save  the  gas.  In  place  oH 
a  short  piece  of  pipe^^,  Pig.  333,  take  alarge  coil  of  pi|>e  A, 
Fig.  324,  submerged  in  a  tank  of  water  C-  The  water 
enters  by  means  of  the  pipe  F,  and  the  overflow  passes  out 
of  the  pipe  f;  the  continuous  flow  tends  to  keep  the  tem^ 
perature  of  the  coil  A  constant.  Replace  the  flask  B  ia 
Fig.    3-33    with    a    coil  of  pipe  B,  Fig.  .324,    immersed 


water-tank  D.  Provide  a  pump  capable  of  working  against 
a  high  pressure,  and  connect  the  suction  of  the  pump  > 
the  coil  B  and  the  discharge  with  the  coil  .1 :  also  pruvldw 
pressure  gauges  C  and  G  on  each  of  these  lines.  Connect 
the  bottom  of  the  two  coils  together,  and  place  a  valve  E  ia 
the  line.  Partially  fill  the  coil  A  with  anhydrous  ammonia. 
If  the  temperature  of  the  water  in  A  is  about  70",  the  gauge 
G'  will  show  a  pressure  of  130  pounds.  Open  the  valve  E 
slightly  and  leave  it  open.  The  pressure  denoted  by  ths 
gauge  G  will  gradually  rise,  and  ice  will  begin  lo  form  on 
the  lower  pipes  of  B.  When  the  pressure  shown  by  G  hav 
reached  15  pounds,  start  the  pump  P.  This  pump  will  drair 
the  gas  out  of  the  coil  B,  compress  it,  and  deliver  it  lo  the; 
coil  A.     The  gas  entering  A,  which  has  been  heated  by  ihe 
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compression,  comes  in  contact  with  the  cold  pipe  surface, 
and  is  first  cooled  until  its  temperature  is  but  little  above 
that  of  the  condensing  water  flowing  out  through  F' .  The 
gas  then  condenses  and  falls  to  the  bottom  of  the  coil  in  the 
form  of  liquid  anhydrous  ammonia.  As  the  valve  E  is  open, 
the  coil  A  is  prevented  from  filling  up.  The  withdrawal  of 
a  quantity  of  the  gas  in  tha  coil  B  tends  to  decrease  the 
pressure  in  that  coil;  however,  a  quantity  of  the  liquid 
passes  from  A  to  B  through  the  expansion-valve  E,  vapor- 
izes, and  supplies  an  amount  of  gas  equal  to  that  withdrawn 
by  the  pump. 


THB  CYCLB  OF    THB   AMMONIA  COMPRBSSION  MACHINB. 

1369.     In  Fig.   325  let  the  length    O  F,  represent  to 
scale  the  volume  of  the  compressor  cylinder  P,  Fig.  324, 


Pig.  a». 

and  let  the  ordinate  O  P^  {=  V^A)  represent  the  pressure 
of  the  ammonia  gas  in  the  coil  B,  Then  we  may  say  that 
the  point  A  represents  the  state  of  the  gas  in  the  cylinder 
when  the  piston  is  at  the  lower  end  of  the  cylinder.  As 
the  piston  rises,  the  gas  is  compressed  until  it  reaches 
the  state  represented  by  the  point  B\  that  is,  the  pressure 
is   represented   by    O  P^   and    the   volume    by    O  F,.     The 
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character  of  ihe  compression  depends  upon  the  method 
of  cooling  the  compression  cylinder,  to  lie  explained  later. 
We  will  assume  for  the  present  that  the  compression  is 
adiabalic.  If  Lhe  vapor  is  dry  and  saturated  at  the  stale. 7, 
it  will  be  superheated  at  the  state  B,  after  the  adiabatic 
compression.  When  the  pressure  in  the  cylinder  reaches 
/'„  the  valve  opens  and  the  compressed  vapor  is  delivered 
to  the  coil  A  at  a  practically  constant  pressure.  During 
this  operation  the  temperature  of  the  superheated  vapor 
is  reduced,  and  then  the  vapor  is  wholly  or  partially  con- 
densed to  a  Hquid.  The  volume  is  reduced  from  tM',  lo 
O  V,,  The  ammonia  liquid  now  runs  slowly  through  the 
valve  £  into  the  coil  B.  Since  the  pressure  in  the  coil  5 
is  much  lower  than  that  in  A.  there  will  be  a  drop  in 
pressure  in  passing  the  valve,  and  this  will  be  accom- 
panied by  a  drop  in  temperature.  The  slight  increase  in 
volume  from  K,  to  ]\  is  due  to  the  fact  that  a  small  quan- 
tity of  the  liquid  is  vaporized  before  the  pressure  has 
dropped  to  P^.  The  liquid  ammonia  in  the  state  repre- 
sented by  the  point  D  now  vaporizes,  and  the  volume 
increases  from  OV^  to  O  ]\.  The  gas  returns  to  its 
original  state  represented  by  A,  and  the  cycle  is  closed. 

The  cycle  just  described  differs  from  the  ideal  cycle 
described  in  Art,  1335  in  having  the  line  CD.  represent- 
ing the  third  operation,  nearly  straight  instead  of  curved,  as 
in  Fig.  317.  To  attain  the  ideal  conditions  shown  in 
Fig.  317,  it  would  be  necessary  to  allow  the  liquid  from  the 
condenser  A  to  e.tpand  and  do  work  in  an  expansion  cylin- 
der instead  of  passing  through  the  regulating  valve  E. 
For  constructive  reasons,  the  valve  is  preferred,  as  the 
cylinder  would  be  small,  and  the  work  recovered  by  the 
expansion  would  in  any  case  be  insignificant. 


GENERAL  THGORV. 

1370.  Heat  Transfers. — Let  7~„  denote  the  abso- 
lute temperature  of  the  gas  in  the  state  A.  Fig.  325,  which 
is  practically  the  temperature   of   the  coil  B,  and  let    7", 
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denote  the  temperature  of  the  gas  at  the  end  of  compres- 
sion. Since  the  gas  is  superheated  during  the  compression, 
the  final  temperature  T^  is  given  by  formula  121: 


h 

T. 


:  ~  \/>J   ' 


or  7k  =  T, 


Let  T^  denote  the  final  temperature  that  the  gas  or  vapor 
attains  in  the  condenser;  that  is,  7"^  is  the  temperature  of 
condensation.  Let  r,  denote  the  latent  heat  of  vaporiza- 
tion at  the  temperature  T^.  The  specific  heat  of  ammonia 
gas  being  .508,  the  heat  given  up  by  a  pound  of  the  gas  in 
cooling  from  7^  to  7^  is  .508  (Tf^—T^)  B.  T.  U.  In  con- 
densing, a  pound  of  the  gas  gives  up  further  r,  B.  T.  U.  If 
M  denote  the  weight  ni  pounds  of  gas  used  per  stroke,  then 
the  heat  given  up  to  the  condenser  per  stroke  is  evidently 

Q,  =  M  [.  508  ( n  -  T,)  +  r.]  B.  T.  U.  | 
=  .V[.508(/'6-/',)  +  r,]B.  T.  U.      f 

If  /,  and  tf  denote,  respectively,  the  temperature  of  the 
cooling  water  as  it  enters  and  as  it  leaves  the  condenser, 
then  the  weight  of  cooling  water  required  per  stroke  is 

For  the  sake  of  simplicity,  we  will  assume  that  the  pres- 
sure of  the  liquid  ammonia  drops  from  P^  to  P^  before 
vaporization  begins;  while  this  is  not  precisely  the  case,  the 
difference  in  the  result  is  not  appreciable.  During  the  fall 
of  temperature  from  7^  to  7\,  the  original  temperature  of 
the  gas  in  the  coil  7>,  a  pound  of  the  liquid  gives  up 
s  ( 7^—  7„)  heat-units,  where  s  denotes  the  specific  heat  of 
liquid  ammonia.  During  the  vaporization  in  the  coil  I>^ 
each  pound  absorbs  r^  B.  T.  U.,  where  r,  denotes  the  latent 
heat  of  vaporization  corresponding  to  the  pressure  /'   and 
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temperature  7",.     The  net  heat  abstracted  from  the  refrig- 
erator per  stroke  is  therefore 

C.  =  -V  [r,  -  ^  (  7;  -  7-.)]  B.  T.  U.  » 
=  J/  [r.  -  J  (/,  -  /.)]  B.  T.  U.     » 

Since  ihe  specific  heat  of  liquid  ammonia  is  practically  1, 
we  may  write  the  equation : 

4?,  =  -V  [r.  -  ( 7;  -  7-.)]  B.  T.  U.  , 
=  J/[r.-(/,-/.)]B.T.U.     f 

The  work  of  the  compressor  per  stroke  in  foot-pounds  is 

ir=  J  (Q^  -  CJ,)  =  /  ^^/  [  ^  -  ^  +  .508  (/,  -  O  +  /,  -  /„]. 

If  //  denote  the  number  of  strokes  per  minute,  the  theoret- 
ical horsepower  of  the  compressor  is 

rr  _  ;// J/[r,  ~  r,  +  .508  (/,  -  /,)  -+-  /,  ^  /,] 
~  33,000  '     ^^ 

1371.     Efficiency. — The  theoretical  efficiency  of  the 

refri^eratin^-machine  is 

"«  '  -  r.^  -  r,  +  .  5US  (  n  -  /;)  +  7;  -  7;  •      ^^  ^ 

If  we  denote  by  7',  the  temperature  of  the  cold  room  or 
of  the  brine,  if  the  latter  be  used,  then  the  effective  range 
of  temperature  is  If—  Tf,  where  7},  as  before,  denotes  the 
absolute  temperature  of  the  cooling  water  as  it  leaves  the 
condenser.  In  i)ractice  T^  is  alwaysa  little  higher  (5°  to  \0') 
than  the  temi)erature  7\,  of  the  ammonia  in  the  refrigerating 
roils,  and  tlie  temperature  T^  of  the  ammonia  in  the  con- 
(l(Miscr  coils  is  always  higher  than  7}.  The  theoretical 
maximum  efficiency  for  this  temperature  range  is 

/:.,.  =   r--~-j^'     {g)  (^ee  Art.  1 346.) 

Thi^  economy  of  a  machine  may  be  judged  by  comparing 
the  actual  eHiciency  with  this  ideal  efficiency  E^. 

1372.      Volume    of   Compressor    Cylinder. — Let  v 

denote  the   volume  of  a   pound  of  ammonia  vapor   at    the 
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pressure/,  in  the  coil  B\  then,  since  il/ pounds  of  vapor  are 
used  per  stroke,  the  cubic  capacity  of  the  cylinder  must  be 

C  =  Mv  cubic  feet.     (A) 

To  allow  for  clearance  and  imperfections  in  the  operation, 
the  volume  as  thus  calculated  should  be  increased  10  per 
cent,  or  more. 

1373.  Capacity. — In  24  hours  the  heat  abstracted 
from  the  cold  body  is 

(24  X  60  X  «  X  GJ  B.  T.  U.  = 
24  X  60  X  «  iW^[r,  -  (/,  -  /„)]  B.  T.  U. 

Hence,  the  ice-melting  capacity  in  tons  per  24  hours  is 

^  ^  24  X  60  X  ;/  i^  [r,  -  (/,  -/,)]_ 

285,300 

,OObOb  nM[r^  -  (/,  -/.)].  (123.) 

1374.  Problem. — As  an  application  of  the  theory 
developed  in  the  preceding  paragraphs,  the  dimensions  of 
an  ammonia  refrigerating-machine  will  be  worked  out  from 
the  following  data  : 

Ice-melting  capacity 20  tons  in  24  hours; 

Temperature  in  condenser 90°  F. ; 

Temperature  in  refrigerating  coil.  .  15°  F. ; 
Initial  and  final  temperatures  of  condensing  water,  60°  and 
85°  F. 

The  compressor  is  double-acting  and  makes  56  revolutions 
per  minute.  Required,  also,  the  horsepower  of  the  com- 
pressor, the  theoretical  efficiency,  and  the  quantity  of  cool- 
ing water  used  per  minute. 

Referring  to  the  table  of  the  properties  of  ammonia,  the 
pressures  corresponding  to  the  temperatures  15°  and  90°  F. 
are,  respectively,  /,  =  42.93  pounds  and  /,  =  182.8  pounds, 
absolute,  per  square  inch.  The  latent  heats  are,  respectively, 
r,  =  546.26  B.  T.  U.  and  r,  =  498.11  B.  T.  U.     The  absolute 
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temperature  T^  is  4t>0''  +  15°  =  4(5°;  the  absolute  tempera- 
ture T^  of  the  superheated  gas  at  the  end  of  compression  is 

hence,  t^  =  663.(53°  —  4^0"  =  203.62°. 

The  capacity  being  30  tons,  we  have 

■H)  =  . 00505  tiM[r,~  (^  - /„)  ], 


M  = 


30 _ 

-U06U5«  [r,  -  (/,  -  /,)]  " 


.OU5l)5  X  Ua  X  [54ti.2ti  -  (liU  -  15)]  ■ 


.075. 


The  quantity  of  ammonia  used  per  stroke  is  .075  pound, 
and  the  quantity  circulated  per  minute  is. 075  lb.  X  112  — 
8.4  pounds. 

The  volume  of  1  pound  o(  ammonia  vapor  at  a  tempera- 
ture of  15°  is,  according  to  the  table,  6.4!)  cubic  feet;  hence, 
the  theoretical  capacity  of  the  cylinder  is 


C=  Mv=.075x  6.49e 


■  ft  : 


.48676  c 


.  ft. 


=  841.3  cu.  in. 


Adding  |  to  allow  for  imperfections  in  the  operation,  the 
actual  volume  is841.2cu.  in.  x  li  =  9i6.5cu.  in.  Ifthestroke 
is  made  double  the  piston  diameter,  this  volume  will  require 
a  diameter  of  8J  inches  and  a  stroke  of  17  inches. 

The  horsepower  required  to  drive  the  compressor  is, 
approximately. 


n/M[r, 


H-- 


112X178  X.07.'>x  [4flS.I 


.  508  (/fc  -  ^)  +  /,  -  t^  ^ 


33,000 
-  546. 2G  + 


-90) -(-90-  ir.]  _ 


33,00*1 
llj.  7,  nearly. 

The  horsepower  of  the  steam  cylinder  should  be  at  least 
J  greater  than  that  of  the  compressor;  in  the  present  case 
it  will  be  about  16.7  H.  P.  x  J  ^  22.93,  say  23  H.  P. 
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The  heat  given  up  by  the  ammonia  to  the  cooling  water 
per  stroke  is 

(2,  =  J/ [.508  (/,  -  O  +  rj  B.  T.  U.  = 

.075  [.508  (203.62  -  90)  +  408.11]  B.  T.  U.  =  41.087  B.  T.  U. 

The  cooling  water  required  per  minute  is  therefore 

^        ;/(?,        112X41.087       ,^,  „  . 

187  pounds  is  equivalent  to  3  cubic  feet,  or  about  22 J^  gallons. 
The  theoretical  efficiency  is 

p  ^  ^.  -  (C  -  f,.)     471.26 

''.-^ +  -508(4- 04-/,-/„      84.569 

If  we  assume  the  temperature  of  the  brine  or  of  the  cold 
room  to  be  5"^  higher  than  that  of  the  ammonia  in  the  con- 
denser, Ti=  /;  +  5°  =  460°  +  15°  +  5°  =  480°.  The  effect- 
ive temperature  range  is  therefore  Tf—  Tt=.  85°+  460° 
—  480°  =  65°,  and  the  maximum  efficiency  is 

P    —        ^/       —  '^^fl  —  '^  ^ft 

^---  Tj-  y;""  65  "  '^  ^• 

1 375.  Influence  of  Suction  Pressure. — The  sue- 
tion  pressure,  that  is,  the  pressure  of  the  ammonia  vapor  as  it 
passes  from  the  refrigerating  coil  to  the  compressor  cylinder, 
exerts  a  marked  influence  upon  the  capacity  and  also  upon 
the  economy  of  the  refrigerating-machine.  Consider  the 
formula  for  capacity,  F  =  .00505  ii  M  \r^  —  (/^  —  /„)].  Since 
the  ;/  remains  constant,  it  is  evident  that  the  capacity 
depends  upon  the  factors  yl/ and  [r,  —  (/^  —  /„)].  Referring 
to  the  table  of  properties  of  ammonia,  it  is  seen  that  as  the 
suction  pressure/,  is  increased,  the  corresponding  latent 
heat  r,  becomes  less  and  the  corresponding  temperature  /„ 
rises;  consequently  the  factor  ['',  —  (^r  —  ^«)]  changes  but 
little  with  different  suction  pressures,  and  the  capacity  is 
practically  proportional  to  the  weight  of  ammonia  circulated^ 
that  is,  to  M,  Now,  since  the  same  volume  of  ammonia  vapor 
passes  through  the  compressor  in  a  given  time,  whatever 


I 
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the;  pressure  may  be,  it  is  evident  that  the  -u'cight  of 
ammonia  circulated  is  exactly  proportional  to  the  weight  of 
ihe  vapor  per  cubic  foot.  Thus,  referring  to  the  table,  a 
cubic  foot  of  vapor  at  a  pressure  of  20. !i!)  pounds  per 
square  inch  absolute  weighs  .0779  pound,  while  at  a  pres- 
sure of  42.93  pounds  absolute  a  cubic  foot  weighs  .154 
pound,  or  practically  twice  as  much.  With  the  greater 
suction  pressure,  therefore,  the  machine  will  circulate  double 
the  ammonia  that  it  will  with  the  lower  suction  pressure. 
and  consequently  the  capacity  at  the  higher  pressure  will 
be  nearly  double  that  at  the  lower  pressure. 

The  power  required  to  operate  the  compressor  is  of  course 
greater  with  the  higher  suction  pressure  and  greater  capac- 
ity, but  the  increase  in  power  is  not  proportional  to  the 
increase  in  capacity.  It  can  readily  be  shown  that  the 
ratio  of  the  power  consumed  to  the  capacity  decreases  as 
the  suction  pressure  is  raised.  The  power  is  proportional 
to  Q^  —  Q,  (see  Art.  1370),  and  the  capacity  is  propor- 
tional to  (?,  (see  Art.  1373):  hence  the  ratio  -^  is  propor- 
tional to  — '-yi — -.     Now,  taking  the  expressions  for  (2,  ^"^ 

(?„(?,=  J/ [.508  (/,-/,) +  r,]  and  (?,  = -V  K  -  ('.  - '-)]■ 
it  is  seen  that  the  only  effect  on  C',  (*f  raising  the  suction 
pressure  is  to  lower  the  temperature /^  at  the  end  of  compres- 
sion. The  effect  on  (5,  is  to  decrease  r^  and  increase  /„;  but 
since  /„  increases  faster  than  r,  decreases,  the  net  effect  of 
raising  the  suction  pressure  is  to  increase  Q^.      Since  (?,  is 

~ — J,  and  con- 

.   decreased  by  raising  the  suction 

pressure.  We  have,  therefore,  the  important  fact  that  in- 
crtasing  the  suction  pressure  increases  both  the  capacity  and 
economy  of  the  tnachinc. 

Fig.  :]2<i  is  the  indicator-diagram  taken  from  an  ammonia 
cylinder  of  a  compressor  running  under  151  pounds  head 
pressure  and  28  pounds  suction  pressure.     The  tonnage  in 
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this  case  is  74.8,  while  the  ammonia  cylinder  horsepower  is 
but  65.7  or  .88  of  a  horsepower  per  ton  of   work   done. 

Fig.  327  shows  a  diagram 
taken  from  the  same 
compressor  under  the 
following  conditions: 
Head    pressure    135 

— pounds,    back   pressure 

^'°*  ®**  2pounds,  ammonia 

cylinder  horsepower  46.02;  tonnage  25.9  or  1.8  horsepower 
per  ton  of  refrigerating  effect.  From  this  it  will  be  seen 
that  while  the  capacity 
is  about  a  third,  the 
expenditure  of  power 
per  ton  of  refrigerating 
effect  is  approximately 
double.  These  dia- 
grams and  the  data  ^'^-  ^^• 
connected  with  them  are  taken  from  Prof.  J.  E.  Denton's 
report  of  a  test  of  a  refrigerating  plant.  (Transactions 
A.  S.  M.  E.,  Vol.  XII.) 

The  upper  limit  of  suction  pressure  is  fixed  by  the  tem- 
perature at  which  it  is  required  to  keep  the  cold  room  or  the 
circulating  brine.  Suppose,  for  example,  that  the  average 
temperature  of  the  brine  is  33°  F. ;  the  temperature  in  the 
refrigerating  coils  must  be,  say,  10''  lower,  or  23°  F.,  and  the 
pressure  corresponding  is  51.25  pounds  per  square  inch 
absolute,  or  36.55  pounds  gauge. 

1376.     Influence  of  Condenslns   Pressure. — The 

pressure  in  the  condenser  does  not  affect  the  weight  of 
ammonia  circulated,  and  has  therefore  no  influence  on  the 
capacity  of  the  refrigerating-machine.  The  lower  the  tem- 
perature of  the  ammonia  in  the  condenser  can  be  kept,  the 
lower  will  be  the  pressure,  and  consequently  the  less  will  be 
the  work  of  compression.  It  is  advantageous,  therefore,  to 
have  the  initial  temperature  of  the  condensing  water  as  low 
as  possible  and  to  use  as  much  water  as  is  consistent  with 
economy.    Prof.  Denton,  in  the  report  previously  mentioned, 
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states  that  **  maximum  economy  with  a  given  type  of  engine, 
where  water  must  be  bought  at  average  city  prices,  is 
obtained  at  28  pounds  suction  pressure  and  150  pounds  con- 
densing pressure. "  This  condensing  pressure  requires  about 
a  gallon  of  water  per  minute  per  ton  of  ice-melting  capacity, 
taking  the  initial  temperature  of  the  water  at  50°  F.  If  the 
supply  of  water  is  25  per  cent,  less,  the  condensing  pressure 
rises  to  190  pounds  and  the  work  of  compression  is  increased 
about  20  per  cent.  On  the  other  hand,  if  the  water-supply 
is  increased  to  three  gallons  per  minute  per  ton  capacity, 
the  condensing  pressure  will  fall  to  about  105  pounds.  The 
work  of  compression  is  reduced  about  25  per  cent.,  but  the 
saving  in  power  thus  effected  is  more  than  counterbalanced 
by  the  cost  of  the  extra  water  used  to  lower  the  pressure. 


THB  COMPRESSOR  OR  PUMP. 

1377.  The  vital  part  of  a  compression  refrigerating- 
machine  is  the  compressor  or  pump;  upon  the  design  and 

constructicMi  of  this  part  chiefly  rests  the  commercial  advan- 
tage or  disadvantai^e  of  any  ])articular  make  of  machine. 

1378.  Pump  Cylinder. — Compressor  cylinders  are 
usually  made  of  a  fine,  rlosc-^raincd  charcoal  iron  or  semi- 
steel.  It  is  necessarv  to  have  a  cvHnder  heavv  enoucrli  to 
withstand  a  test  pressure  of  at  least  35(>  pounds  per  square 
inch.  Heads  and  bolts  should  l)e  made  in  proportion.  TIk- 
ioint  l)ctwcen  the  cvlindcr  and  head  is  usuallv  of  a  tonirue 
and  groove,  male  and  female  type,  lead  being  used  as  a 
])aekini;-  material  in  the  i^^roove.  Other  makers  use  a  smooth 
fa(H'  on  the  tlant^es  of  the  head  and  cylinder  and  a  very  thin 
lead  or  other  metallic^  packing.  In  this  case,  the  flange 
should  be  scored  with  three  or  four  concentric  grooves 
between  the  bort^  of  cylinder  and  bolt-holes,  to  hold  the 
gasket  in  place  and  j)revent  it  from  blowing  out.  The  bore 
«>r  inside  walls  of  the  cylinder  should  be  smooth,  and  suffi- 
cient oil  must  be  used  in  running  the  machine  to  prevent 
groaning  and  (M)nse(pient  wear. 
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»Some  makers  Hne  the  cylinder  with  a  wroughl-iron  or 
neel  bushing,  but  the  iiiajurity  use  cast  iron.  There  is 
more  friction  with  the  former  metals,  while  with  care  and  a 
i)roper  mixture,  a  cast-iron  cylinder  that  will  hold  ammonia 
can  be  made. 
The  stroke  should  in  all  cases  be  as  lorfg  as  possible,  so  as 
to  get  a  comparative  fast  piston  speed  with  the  least  number 
of  revolutions.  Another  reason  for  making  the  stroke  long 
is  that  the  clearance  spaces  are  smaller  witli  a  long  stroke 
and  small  bore  than  a  shorter  stroke  and  longer  bore.  A 
well-proportioned  compressor  should  have  a  stroke  of  at  least 
double  the  diameter  of  the  bore,  and  two  and  one-half  times 
is  better  practice.  The  following  cylinder  capacities  will  be 
found  convenient  for  ready  reference:  With  a  suction  or 
back  pressure  of  35  pounds,  a  single-acting  compressor 
should  displace  3i  cubic  feet  per  ton  and  a  double-acting 
compressor  i  cubic  feet  per  ton.  With  15  pounds  back 
.  pressure,  these  figures  should  be  5  cubic  feet  for  the  former 
Land  5J  cubic  feet  for  the  latter  type  of  machine.  These 
^Sgures  are  for  well-built  compressors  having  comparatively 
fiBmall  clearances,  and  are  based  upon  actual  tests  of  refrig- 
»erating-machines. 

1379.  Compressor  Piston.  —  The  pistons  of  all 
tiouble-acting  compressors  are  necessarily  solid.     Those  of 

iie  single-acting  type  are  often  made  solid,  while  others  are 
tiStted  with  suction-valves.  Cast-iron  spring  rings  are  used 
Jfor  packing-rings  to  prevent  leakage;  at  least  4  or  5  rings 
^should  be  employed.  Sectional  rings  and  others  similar  to 
pthose   used  in  high-class    engines  and  air-compressors   are 

found  in  ammonia  pumps. 

1380.  H«at  of  Compression. — It  was  stated  in  Art. 
1369  that  if  ammonia  vapor  be  compressed  adiabalically, 
it  will  be  superheated,  and  the  work  done  on  the  vapor  by 
the  piston  will  be  stored  up  in  the  vapor  in  the  form  of  heat. 
This  heat  must  be  gotten  rid  of  during  the  period  of  com- 
pression, otherwise  it  must  he  absorbed  by  the  condensing 
water  before  the  vapor  condenses.     It  is  quite  evident  that 
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it  will  be  most  economical  to  remove  the  heat,  as  far  as  pos- 
sible, as  fast  as  it  is  generated,  and  Iteep  the  temperature  of 
the  cylinder  comparatively  low  throughout  the  compression. 
In  fact,  it  is  absolutely  necessary  to  employ  some  methtxi 
of  keeping  the  cylinder  cool,  otherwise  the  excessive  heal 
developed  in  compression  would  soon  become  so  great  thai 
the  gas  would  enter  the  cylinder  in  a  greatly  superheated 
stale,  which  would  lessen  its  density.  This  decrease  ii 
density  would  naturally  cause  a  corresponding  decrease  in 
the  weight  of  gas  pumped  in  a  given  time,  thus  affecting 
both  capacity  and  economy. 

A  number  of  expedients  have  been  tried  with  this  object 
in  view.  The  simplest  of  these  is  jacketing  the  cylinder 
with  water.  This  method  of  cooling  the  compression  cylin- 
der is  known  as  the  dry -compressioa  Bystem.  The  gaf 
enters  the  cylinder  in  perhaps  a  saturated  state,  though 
usually  somewhat  superheated;  the  instant  compression 
begins,  however,  the  vapor  is  immediately  superheated. 

In  the  second  method,  ^-et  compression,  the  cylinder 
is  not  jacketed,  but  a  certain  amount  of  liquid  anhydrous 
ammonia  is  allowed  to  enter  the  cylinder  with  each  stroke 
of  the  compressor;  the  mixture  of  vapor  and  liquid  remains 
saturated  while  it  is  compressed,  the  heat  equivalent  of  the 
work  of  compression  is  taken  up  by  the  vaporization  of  a 
part  of  the  liquid,  and  the  vapor  remains  at  the  tempera- 
ture due  to  the  pressure. 

The  third  method  employed  is  a  modification  of  wet  com- 
pression. Instead  of  permitting  anhydrous  ammonia  lo 
enter  the  cylinder,  a  certain  quantity  of  oil  is  injected  dur- 
ing the  stroke;  the  purpose  of  the  oil  is  to  cool  the  gas 
during  compression  and  seal  the  valves  so  as  to  cut  down 
the  clearance  space. 

1381.  Dry  Compression. — The  majority  of  compress- 
ors built  in  the  United  States  are  of  the  water- jacketed, 
dry-compression  type.  In  the  case  of  vertical  compressors, 
the  water-jackets  are  merely  small  tanks  enclosing  the  walls 
of  the  cylinder,  and  are  sufficiently  high  so  that  the  top  head 
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I  of  the  cylinder  is  also  immersed.  They  are  open  at  the  top 
I  and  the  water  passes  off  by  gravity.  Horizontal  compress- 
I  ors  are  usually  water-jacketed  on  the  cylinder  walls  only, 
the  heads  being  unjacketed.  With  the  inlet  water  at  60"  F., 
I  the  quantity  of  water  required  for  a  water-jacket  is  about 
I  \  of  a  gallon  per  minute  per  ton  of  refrigerating  effect. 

1382.     Wet  Compression. — The  injection  of  a  small 
I  quantity    of   anhydrous;  ammonia  to  cool  by  its  evapora- 
tion the  walls  of   the  cylinder  was  the  invention  of  Prof, 
.  F.  G.   Linde,  of  Munich,  Germany.     The  machines  built 
[  under  this  system  bear  his  name  and  are  of  the  horizontal, 
double-acting  type.    The  temperature  of  the  gas  leaving  the 
compressor  in  case  of  the  Linde  machine  is  much  lower  than 
that  in  the   dry-compression    system,   and  the    theoretical 

I  economy  is  somewhat  higher  than  that  of  the  latter  system. 
An  objection  sometimes  urged  against  wet  compression  is 
the  necessity  of  introducing  a  small  quantity  of  liquid 
ammonia,  which  if  increased  in  any  degree  by  carelessness 
is  liable  to  act  somewhat  like  water  carried  over  in  the  steam 
of  a  steam  engine,  and  may  blow  out  the  cylinder-head. 
'The  chances  of  such  an  occurrence  are  so  small  that  the 
objection  does  not  appear  to  be  a  serious  one. 
1383.  Oil  Injection.— The  third  method  of  cooling 
the  cylinder  during  compression  is  that  of  the  De  La  Vergne 
Company.  In  the  earlier  machines  a  small  quantity  of  oil  was 
admitted  into  the  compression  cylinder  during  suction  and 
was  expelled  at  compression.  The  mixture  of  oil  and  gas  at 
a  somewhat  high  temperature  passed  to  the  oil  separator, 
where  the  oil  was  separated  from  the  ammonia  gas.  The 
gas  passed  on  to  the  condenser  in  its  regular  cycle;  the  oil 
was  taken  from  the  separator,  passed  through  a  cooling  coil 
immersed  in  running  water,  and  was  then  allowed  to  run 
into  a  receiver,  from  which  it  again  passed  into  the  suction- 
pipe. 

It  will  be  seen  from  this  description  that  as  a  certain  quan- 

Itity  of  oil  was  allowed  to  enter  with  the  gas,  the  volume  of 
the  gas  entering  the  cylinder  at  each  stroke  was  decreased 
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in  proportion  to  the  amount  of  oil  injectetl;  in  case  a  con- 
siderable quantity  of  oil  was  fed  in,  this  would  cut  down  the 
capacity  appreciably.  In  order  to  obviate  this  difficulty,  the 
De  La  Vergne  Company  in  their  new  compressors  inject  oil 
by  means  of  a  small  pump  after  the  work  of  compression  has 
set  in,  and  not  during  suction  as  formerly.  This  also  per- 
mits the  oil  to  be  kept  fully  charged  with  ammonia. 


i 


1 384.     SInsle  and  Double  Acting  Compn 

The  single-acting  ammonia  compressor  is  usually 
vertical  type  and  compresses  gas  on  one  side  of  the  piston 
only,  viz.,  the  upper  side,  or,  in  other  words,  the  side  far- 
thest away  from  the  stuffing-box.  The  gas  has  at  all  times 
access  to  the  space  in  the  cylinder  below  the  piston;  here 
only  the  suction  pressure  acts  constantly  on  the  under  side 
of  the  piston.  In  this  form  of  compressor,  the  pressure  oa 
the  stuffing-box  side  is  always  low,  and  it  is  therefore  easy 
to  keep  the  piston  rod  packed.  As  the  work  of  compression 
is  done  on  one  side  of  the  piston  only,  the  water-jacket  has 
a  greater  opportunity  of  reducing  the  temperature  of  the 
cylinder  walls.  The  colder  the  compressor  cylinder  is  kept, 
the  greater  will  be  the  weight  of  gas  pumped  per  revolu- 
tion, as  explained  in  previous  paragraphs.  It  will  therefore 
be  readily  seen  that  the  loss  due  to  superheating  is  less  in 
this  form  of  compressor  than  in  the  double-acting  type. 
Experiment  and  lest  have  proven  this  to  be  the  case,  the  loss 
due  to  superheating  in  single-acting  compressors  being  from 
16  to  22  per  cent. 

The  double-acting  compressor  is  usually  of  the  horizonta}i 
type  and  has  suction  and  delivery  valves  on  both  sides  of 
the  piston.  Such  a  compressor  is  cheaper  to  build  than  the 
single-acting  one,  and  with  the  same  cylinder  capacity  will 
deliver  double  the  quantity  of  ammonia.  The  loss  due  to  cyl- 
inder superheating,  however,  is  greater  than  in  the  single- 
acting  type,  this  loss  amounting  to  25  or  30  per  cent. 

The  clearance  spaces  in  a  single-acting  are  usually  much 
smaller  than  those  of  the  double-acting  compressor, 
former  type  it  is  merely  necessary  to  adjust  the  piston 
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that  it  jusi  clears  the  upper  head  of  the  compressor;  this 
can  be  done,  no  matter  what  the  stroke  of  the  pump  may  be. 
In  the  case  of  the  double-acting  machine,  however,  the 
adjustment  is  a  much  more  difficult  task,  for  if  the  clear- 
ance is  cut  down  on  one  side  of  the  piston,  it  will  increase 
by  a  like  amount  on  the  other  side.  It  is  therefore  neces- 
sary to  be  very  careful,  in  the  selection  of  gaskets,  etc.,  to 
get  them  of  the  proper  thickness  so  that  the  clearance  spaces 
will  be  reduced  to  the  minimum  on  both  sides  of  the  piston. 

1385.     Vertical   and   Horizontal   Compretisors. — 

In  all  types  of  compressors  except  those  using  oil  injection, 
little  oil  is  fed  into  the  compression  cylinder  as  possible. 
This  small  quantity  of  oil,  which  is  much  less  than  that 
used  in  the  case  of  steam  engines,  makes  it  necessary  to 
select  a  compressor  in  which  the  wear  on  the  moving  parts 
s  equal  all  around.  In  case  of  a  vertical  compressor,  the 
weight  of  the  piston  does  not  come  on  the  walls  of  the  cylin- 
Ls  is  the  case  with  the  horizontal  machine.  The  valves 
Iso  usually  arranged  so  that  they  work  up  and  down, 
and  will  therefore  not  wear  their  stems  in  such  a  way  as  to 
get  them  out  of  line  with  their  scats.  The  vertical  machine, 
however,  is  more  expensive  to  build  than  the  ordinary  hnri- 
aontal  compressor,  the  bed-plate  of  which  has  the  form  of 
that  of  an  ordinary  horizontal  engine.  A  still  cheaper  con- 
struction is  that  of  the  direct-acting  horizontal  machine,  in 
which  the  compressor  is  attached  tandem  with  the  engine 
cylinder  on  an  extension  of  the  steam-engine  bed-plate. 
The  advantages  of  horizontal  compressors  are  that  they 
can  be  placed  in  low  heUdroom  and  that  all  parts  arc  acces- 
sible from  the  Soor.  A  lUrcct-acting  machine  is  one  in 
which  the  compressor  and  steam  cylinders  are  in  line,  and 
the  compressor  piston  and  steam  piston  are  attached  to  the 
same  piston  rod.  In  the  indirect  machine,  the  steam  and 
compressor  cylinders  have  separate  piston  rods  and  connect- 
ing-rods ;  the  compressor  is  driven  from  a  main  shaft,  which 
turn   driven   by   the   steam   engine   in   the   ordinary 
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1 386.  Clearance  Spaces. — Wlieti  a  pump  piston  is  at 
the  end  of  its  stroke,  the  spaue  that  is  left  between  the  pis- 
ton, cylinder-head,  and  valves  Is  known  as  the  clearance 
space.  If  this  space  is  reduced  to  nothing,  that  is,  if  the 
valves  are  so  ground  that  they  come  flush  with  the  head,  and 
the  piston  is  allowed  to  come  up  until  it  jftst  touches  the 
head,  all  gas  between  the  piston  and  head  will  be  expelled 
through  the  delivery  valve.  Such  a  construction  is  hardly 
practical.  It  will  be  seen,  however,  that  it  is  necessary  to 
make  this  space  as  small  as  possible,  since  the  gas  that  is 
left  in  the  cylinder  will  expand  as  the  piston  travels  back 
and  will  keep  a  corresponding  quantity  of  gas  from  entering 
the  cylinder. 

Weli-made  compressors  are  run  with  a  clearance  of  ^  inch 
between  the  piston  and  cylinder-head.  In  order  to  deter- 
mine this  clearance,  one  of  the  valves  should  be  taken  out 
and  a  piece  of  fuse  wire  or  lead  laid  on  top  of  the  piston. 
The  machine  is  then  turned  by  hand  until  the  piston  has 
completed  its  stroke.  The  fuse  wire  or  lead  will  have  been 
flattened,  and  its  thickness  will  be  the  exact  distance  between 
the  cylinder-head  and  piston,  and  will  thus  indicate  the 
J  amount  of  clearance.  The  piston  rod  can  be  adjusted  if  the 
I  first  test  shows  an  unsatisfactory  clearance,  and  the  experi- 
I  ment  may  be  repealed  until  the  clearance  space  is  cut  down 
to  a  minimum. 


1367.  Suction  and  Discharge  Valves. — A  section 
'  through  a  compressor  cylinder  as  constructed  by  the  Frick 
Company  is  shown  in  Fig.  338.  The  suction-valve  is  shown 
at  D.  As  the  piston  moves  downwards,  the  valve  rises  from 
its  seat  c,  and  the  gas  from  the  refrigerating  coil,  which  has 
at  all  times  free  access  to  the  lower  end  of  the  cylinder  A, 
passes  through  the  open  valve  to  the  upper  end  of  the  cyl- 
inder. As  soon  as  the  piston  again  starts  upwards,  the 
valve  incloses  and  compression  begins.  The  valve  is  fitted 
with  balanced  springs  F  and  0,  which  may  be  adjusted  so  as 
I  to  prevent  the  valve  from  rattling. 

Ice-machine  builders  have  for  a  long  time  been  striving 
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to  design  a  suction-valve  so  arranged  that  in  case  either  the 
valve-stem  or  valve  breaks,  the  pieces  will  not  fall  into  the 
cylinder  of  the  compressor.  Compressors  built  in  former 
years  were  greatly  troubled  with  imperfect  workmanship  on 
their  suction-valves.  Machines  were  occasionally  wrecked 
because  of  a  broken  valve.  The  fragments  dropped  into  the 
cylinder,  and  the  piston  on  the  next  stroke  drove  them 
against  the  head,  thus  causing  serious  damage. 

The  discharge-valve  is  an  ordinary  valve  with  a  spindle  k 
and  with  balanced  springs  J  and  K,  In  the  construction 
shown  in  Fig.  3*28,  the  whole  head  M  is  a  delivery-valve. 
Under  ordinary  circumstances,  the  gas  passes  through  the 
small  discharge-valve,  but  in  case  the  suction-valve  is  dis- 
placed by  any  accident,  the  head  M  will  rise  from  its  seat. 
This  action  prevents  damage  to  the  head. 

The  suction  and  delivery  valves  and  also  the  valve-seats 
are  made  of  steel.  The  valves  should  be  well  ground  to  their 
seats,  and  they  should  be  inspected  occasionally  to  ascertain 
if  either  valve  or  seat  is  cut  or  defective  in  any  way.  A 
spare  set  of  valves  should  always  be  carried  in  stock  to 
replace  any  that  may  be  found  defective. 

The  area  of  the  suction-valve  should  be  at  least  equal  to 
the  area  of  the  suction-pipe.  The  lift  of  the  valve  should  be 
at  least  \  of  the  diameter,  in  order  that  the  area  of  the  annu- 
lar opening  may  be  equal  to  the  area  of  the  valve. 

]  388.  The  Stufflng-Box.— As  shown  in  Fig.  328,  the 
stuffing-box  .V  is  made  very  long  in  order  that  a  large 
amount  of  packing  may  be  used.  The  stuffing-box  is  usually 
provided  with  a  thimble  or  oil-gland  Y  placed  about  midway 
between  the  two  ends.  A  certain  amount  of  packing  is  first 
inserted  in  the  stuffing-box,  and  then  the  oil-gland  is  set 
in  place.  A  second  packing  is  then  inserted,  and  this  is 
followed  by  a  second  oil-gland  -V.  The  gland  U  is  then 
screwed  on.  The  oil-gland  is  filled  by  means  of  a  connect- 
ing line  from  the  oil  separator  or  a  hand  oil-pump  P.  There 
is  usually  a  by-pass  connection  A^  from  the  hand-pump  to 
the  compressor  cylinder,  so  that  oil  may  be  fed  directly  into 
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the  cylinder  in  case  ihe  piston  packing-rings  start  to  groan- 
ing. Oarlock  and  Crandal  packings  are  the  favorite  soft 
packings  used  on  ammonia  compressors;  metallic  packings 
with  soft  backing  are  also  used  with  considerable  success. 

The  piston-rod  packing  of  a  double-acting  compressor 
requires  greater  attention  than  that  of  a  single-acting  ma- 
chine. The  wet  system  is  particularly  hard  on  packing,  as 
there  are  few  soft  packings  that  will  stand  the  freezing  action 
of  the  liquid  anhydrous  ammonia  without  becoming  hard 
and  causing  leaky  stuffing-boxes.  All  piston  rods  should  be 
packed  carefully,  but  should  not  be  packed  at  all  if  they  are 
scored  or  in  any  way  imperfect,  as  any  imperfection  on 
the  rod  will  soon  cut  the  packing.  When  possible,  the  rod 
should  be  ground  perfectly  circular,  but  if  this  is  not  possi- 
ble, a  very  fine  finishing  cut  should  be  taken,  and  the  rod 
should  then  be  thoroughly  smoothed  off  with  a  fine  grade  of 
emery-cloth.  Ton  much  care  can  not  be  taken  in  packing 
the  piston  rods  with  metallic  packing.  No  old  rods  should 
be  thus  packed  without  being  thoroughly  trued  beforehand. 
Rods  should  be  calipered  at  the  end  of  the  season,  and  any 
repairs  on  them  should  be  made  at  that  time.  Care  in  this 
respect  will  soon  pay  for  Itself  in  the  ammonia  bill. 


THB    MOTOR. 

1389.     Speed  of  Comprcitsor. — The  maximum  speed 

at  which  a  compressor  should  run,  even  in  the  case  of  very 
small  machines,  is  100  revolutions  per  minute.  If  the  com- 
pressor is  speeded  up  above  this  point,  the  valves  will  not 
act  quickly  enough,  and  while  the  capacity  is  but  slightly 
increased,  the  power  required  to  drive  the  machine  is 
directly  in  proportion  to  the  number  of  revolutions.  Com- 
pressors of  capacities  ranging  from  10  to  US  tons  should  not 
e.\ceed  70  revolutions  per  minute,  while  those  of  larger 
sizes  and  greater  piston  speed  make  from  50  to  fin  revolu- 
tions per  minute. 

13&0.     Steam  Baglne. — Compressors   operated  by  a 
I  steam   engine   as    the    motive    power   are    usually   direct 
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connected  with  engines  about  as  follows:  Marliines  of 
10  tons  capacity  or  under,  plain  slide-valve  engine;  10  to  25 
tons  inclusive,  adjustable  cul-off  engine  of  the  Meyer  lype; 
30  tons  and  over,  Corliss  engine.  A  number  of  ihe  very 
large  machines  with  capacities  ranging  from  200  to  500  tons 
have  in  late  years  been  provided  with  compound  condensing 
engines.  From  this  it  will  be  seen  that  the  relative  effi- 
ciency of  a  small  compression  machine  is  much  lower  than 
that  of  the  larger  sizes.  Owing  to  the  low  piston  speed  of 
the  engine  and  consequent  great  amount  of  cylinder  con- 
densation, the  steam  consumption  of  the  various  classes  is 
about  as  follows:  Slide-valve  engines,  60  pounds  of  steam 
per  horsepower,  90  pounds  of  steam  per  hour  per  ton  of 
refrigerating  efifect;  Meyer  cut-ofif,  40  pounds  of  steam, 
65  pounds  of  steam  per  hour  per  ton  of  refrigerating  effect; 
Corliss  engine,  30  pounds  of  steam  per  horsepower,  50  pounds 
of  steam  per  hour  per  ton  of  refrigerating  effect. 

The  above  are  based  upon  a  condensing  pressure,  or  head 
pressure,  of  150  pounds  per  square  inch  and  a  suction  or 
back  pressure  of  15  pounds  per  square  inch,  both  gauge 
pressures, 

1391.  Gas  Engine.  —  Small  compressors  are  often 
driven  by  gas  or  gasoline  engines.  Owing  to  the  relatively 
high  speed  of  the  gas  engine,  it  is  necessary  to  belt  such 
engines  to  the  compressors.  In  case  of  gasoline  engines, 
the  economy  is  much  better  than  that  of  a  slide-valve 
engine,  the  cost  of  operating  amounting  to  about  I  cent  per 
horsepower  per  hour,  or  2  cents  per  hour  per  ton  of  refrig- 
erating effect.  This  is  equivalent  to  coa!  at  4:2.50  per  ton, 
not  including  attendance.  For  each  ton  of  refrigerating 
effect,  2  to  21  gas-engine  horsepower  should  be  allowed. 

1392.  Electric  Motor.  —  Compress<)rs  driven  by 
means  of  an  electric  motor  are  usually  geared,  rawhide 
pinions  being  used  to  decrease  the  noise.  TJie  motor  should 
be  of  ample  capacity  to  drive  the  compressor,  so  us  to  pre- 
vent the  armature  fmm  burning  out.  IJ  to  2  kilowatts  per 
ton  of  refrigerating  effect  is  the  usual  practice. 
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1 393.  Water- Power.— Under  high  heads,  the  Pelton 
water-wheel  is  found  tn  be  the  mast  efficient  and  best 
adapted  water-wheel  for  driving  atnmonu  compression 
machines.  It  is  usually  direct  connected  to  the  shaft,  and 
is  made  with  a  large  diameter  so  as  tu  get  a  high  circum- 
ferential velocity  with  (50  or  "0  revolutions  per  minute. 
Under  heads  of  less  than  50  feet,  a  turbine  is  generaily  used. 
In  most  cases,  it  must  be  connected  to  the  compressor  by  a 
belt  or  gearing  which  will  reduce  the  speed  to  the  proper 
number  of  revolutions. 

1 394.  Ptmltlon  of  Cranks. — The  cranks  of  the  com- 
pressor and  direct-connected  steam  engine  are  set  at  90°  to 
each  other.  With  this  arrangement,  the  steam  engine 
encounters  its  greatest  resistance  when  the  piston  is  at  the 
middle  of  its  stroke.  If  the  cranks  connected  at  ISO",  or 
directly  in  line,  the  engine  would  encounter  the  greatest 
resistance  when  the  piston  is  at  the  end  of  its  stroke,  and 
consequently  has  a  low  steam  pressure  to  urge  il  forwards. 
Such  a  construction,  though  much  cheaper,  brings  a  much 
greater  strain  upon  the  cranks,  shaft,  and  fl)''-wheels,  and 
makes  these  latter  parts  do  the  work  of  compression  with 
the  energy  stored  in  them.  The  fly-wheels  should  be  well 
balanced  and  heavy.  They  should  be  carried  on  a  shaft  of 
ample  size,  and  if  possible  out-board  bearings  should  be  pro- 
vided to  prevent  deflection. 
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1 395*  Atmospheric  Conden»urs. — The  atmospheric 
condenser  consists  of  a  coil  made  up  of  straight  pipes  and 
return  bends.  The  hot  gas  enters  the  coil  at  the  top.  Water 
is  permitted  to  trickle  over  the  coii  in  a  thin  film  and  con- 
denses the  gas  within  it,  which  after  liquefying  runs  to  the 
bottom  of  the  coil  and  enters  a  receiver  placed  at  that 
point.  It  will  be  seen  that  the  hottest  gas  and  the  coldest 
water  come  in  contact  with  the  same  part  of  the  coil.  This 
has  a  tendency  lo  increa.'^e  the  head  or  condensing  pres- 
sure, but  it  is  necessary  to  let  the  gas  in  at  the  top  in  order 
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that  tile  liiinefied  gas  will  run  to  the  bottom  of  the  coil  hy 
gravily. 

The  DeLaVergne  condenser  shown  in  Fig.  ;i33  is 
structed  with  a  series  of  return  bends  B  having  pockets  P. 
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These  pockuts  are  connected  to  a  header  ff  at  the  bottom  of 
the  condenser  by  means  of  pipes  C.  C.  The  header  in  turn 
is  connected  by  a  pipe  D  with  the  receiver.  By  this 
arrangement,  the  hot  gas  is  enabled  to  enter  the  bottom  of 
the  coil  at  A  and  gradually  work  up  towards  the  top.  The 
liquid  anhydrous  ammonia  is  trapped  out  by  the  pockets  and 
does  not  run  back  to  mix  with  the  incoming  hot  gas. 
Atmospheric  condensers  are  usually  made  of  IJ.  lA, 
3  inch  pipe,  the  latter  size  being  used  in  the  Dc  La  Vergiio 
condenser.  The  coils  are  about  30  feet  long  and  IS  to 
2i  pipes  high  ;  82  to  30  square  feet  of  surface  per  ton  is  the 
usual  allowance,  depending  upon  the  temperature  of  the 
condensing  water,  but  40  square  feet  will  give  more  satis- 
factory results.  The  principal  objection  to  atmospheric 
condensers  is  that  they  are  least  efficient  when  most  needed. 
In  hot  weather,  when  the  humidity  is  great,  their  action  is 
very  sluggish  and  the  efficiency  of  ihe  machine  is  diminished 
to  a  considerable  degree.  They  are,  however,  low  in  first 
cost,  easy  to  keep  clean,  and  easily  repaired. 
Atmospheric  condensers  require  from  3  to   4  gallons  of 
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water  per  minute  per  ton  of  refrigerating  effect  in  hot  sum- 
mer weather,  with  water  at  75°  to  80°, 

1396.  Submerged  CoadeaserB.  —  The  submerged 
condenser  consists  <jf  a  cull  iir  coils  of  pipe  sulimerged  in  a 
tank  of  water.  The  incoming  gas  enters  at  the  top  of  the 
coil,  and  the  outlet  for  the  '■ondensed  liquor  is  at  the  bot- 
tom of  ihe  coil,  the  number  of  coils  in  the  tank  depend- 
ing upon  the  size  of  pipe  used  and  the  capacity  of  machine. 
1,  IJ,  and  1^  inch  pipe  is  used  in  these  condensers,  and 
30  square  feet  of  surface  per  ton  is  allowed  in  tisual  practice. 
The  tanks  should  be  deep  rather  than  wide,  so  that  the  cir- 
culating water,  which  enters  at  the  bottom  of  the  lank  and 
overflows  at  the  top,  will  have  an  opportunity  to  reach  a 
high  temperature  before  leaving  the  tank.  Condenser  coils 
of  H-inch  pipe  should  not  exceed  HoO  feet  in  length.  The 
inlets  and  outlets  to  all  coils  should  be  provided  with  valves 
or  cocks,  so  that  any  coil  may  be  turned  oft  in  case  of  leak- 
^e,  without  necessitating  the  shutting  down  of  the  plant. 
The  outlets  of  the  various  coils  are  connected  to  a  receiver, 

^usually  made  of  wrought  iron  with  heads  welded  in.  This 
'receiver  should  have  a  capacity  of  about  one-half  gallon  per 
^ton  of  refrigerating  effect,  and  should  be  provided  with  a 
;pairof  gauge-cocks  and  an  air-valve  for  drawing  off  air  or 
Other  impure  gases.  The  water  economy  of  a  submerged 
'«ondenser  varies  directly  with  the  temperature  of  the  water. 
[With  condensing  water  at  00°,  IJ  gallons  per  ton  is  good 
,practice,  but  2  gallons  should  be  vsed  when  the  temperature 
its  as  high  as  ?5°. 

1397.  The  Surface  Cond«n»Br.  —  The  Hendrick 
surface  condenser  consists  of  a  heavy  cast-iron  shell  pro- 
vided with  water  coils  of  extra  heavy  pipe.  The  action  of 
this  condenser  is  exactly  the  reverse  of  that  of  the  sub- 
merged condenser.     The  water  circulates  through  the  coils; 

;he  gas  enters  the  shell  at  the"  top,  condenses,  and  falls  to 

[l^e  bottom.     The  lower  portion  of  the  condenser  forms  the 

:eiver  of  the  anhydrous  liquid  and  is  provided  with  gauge- 

:ks  and  necessary  fittings.     On  account  of  the  large  gas 
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i  and  rapid  water  circulation,  this  condenser  is  very 
enl;  it  gives  a  very  low  condensing  pressure  for  any 
1  water  temperature  and  is  also  economical  in  the  use 
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1398.  Pressure  Gauges. — The  pressure  gauges  used 
for  ammonia  are  in  construction  similar  lo  steam -pressure 
gauges  except  that  the  tube  is  made  of  steel  for  the  reasim 
that  bi-ass  will  not  withstand  the  action  of  ammonia.     The 

gauges  register  piessure  only,  or  pressure  a 

as  may  be  desired.     Cheap  diaphragm  gauges  a 

they  are  not  : 

builders. 


urate,   and  are  seldom  used  by  reputable 


1399.      Liquid     Level 

receiver  and  the  oil  trap  ; ' 


t 


Gauges.  ~  The  anhydrous 
Each  be  provided  with  a  pair 
of  liquid  level  gauges. 
These  are  of  heavy  cast 
iron  or  steel,  and  should  be 
so  arranged  that  they  can 
be  quickly  closed  in  case  of 
the  glass  breaking.  Fig. 
330  shows  a  section  of  the 
Hiller  automatic  safety 
gauge-cock,  which  ts  de- 
signed to  shut  off  automat- 
ically in  case  of  the  glass 
breaking.  It  is  also  ar- 
ranged so  that  the  valve 
can  be  ground  without 
Fio.  880.  taking  the  pressure  off  the 

vessel.  The  valve  A  is  opened  by  a  fork  P  attached  to  the 
valve-stem  B.  The  stem  C  is  used  for  grinding  the  valve. 
1400*  Pipe. — ^All  pipe  used  in  ammonia  work  shouM 
be  extra  heavy,  even  for  the  low-pressure  lines.  Such  pipe 
should  be  strictly  of  wrought  iron,  steel  pipe  being  unsuit- 
able for  this  purpose.  In  case  any  Itent-pipe  coils  are  used, 
they  should  be  made  of  lap-welded,  redrawn,  or  tuyire  pipe- 
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1 401 .  Fittings  and  Valves. — Fittings  used  on  ammo- 
nia work  are  made  of  cast  iron,  malleable  iron,  or  steel. 
They  are  protected  as  follows:  (1)  By  means  of  a  jam  or 
lock-nut  bearing  against  a  rubber  gasket  which  sets  in  a 
recess  turned  in  the  fitting;  in  case  of  a  leak,  a  slight  turn 
of  the  jam-nut  forces  the  gasket  well  into  the  counterbore 
and  thread  and  stops  the  leak.  (2)  By  means  of  a  gland  fitting 
similar  to  the  lock-nut,  save  that  a  gland  is  held  against  the 
gasket  by  means  of  bolts,  which  arc  fast  to  the  flange  of  the 
fitting.  (3)  By  means  of  either  malleable  iron  or  semisteel 
fittings,  in  which  there  is  a  slight  recess  or  counterbore. 
After  the  pipe  is  made  up,  solder  is  run  into  the  counter- 
bore with  a  blowpipe,  and  a  perfectly  tight  joint  is  made. 
Such  joints  are  very  satisfactory,  except  in  lines  that  are 
subjected  to  both  excessive  heat  and  cold,  in  which  case  the 
solder  is  liable  to  crack. 

Unions  used  in  this  work  are  flange  unions  with  male  and 
female  joints,  with  lead  packing  in  the  groove. 

Valves  are  of  extra  heavy  pattern,  all  iron,  and  of  either 
gate,  globe,  or  angle  type.  The  seats  of  such  valves  are 
usually  soft  metal,  which  can  readily  be  repacked.  Hard- 
metal  valves  with  steel  seats  are  not  effective,  as  the  liquid 
anhydrous  ammonia  appears  to  cut  the  steel. 

Cocks  used  in  this  work  are  of  the  Fairbanks  asbestos- 
packed  pattern,  the  plug  being  packed  with  asbestos  pack- 
ing under  a  heavy  hydraulic  pressure.  Cocks  should  be 
returned  to  the  factory  for  repairs. 

1402.  Oil  Trap  and  Strainer. — Between  the  com- 
pressor and  condenser  an  oil  trap  is  placed  for  the  purpose 
of  eliminating  any  oil  that  might  pass  over  from  the  com- 
pressor cylinder  with  the  ammonia  gas.  As  shown  in 
Fig.  331,  it  consists  of  a  cylinder  having  an  inlet  D  for 
the  gas  on  the  side  about  half  way  up  from  the  bottom, 
and  an  outlet  B  at  the  top.  The  lower  portion  of  the 
cylinder  acts  as  an  oil  receiver,  and  is  provided  with  a  pair 
of  gauge-cocks  and  a  glass  C  for  determining  the  quantity 
of  oil  in  the  receiver.     Some  builders  place  the  inlet  opening 
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at  the  top  with  a  pipe  on  the  inside,  leading  the  gas  w 
down  into  the  receiver,  but  such  an  arrangement  is  not 
efFfciive  for  eltminaling  t 
oil  as  the  one  above  t\escrilKd 
where  the  incoming  gas  im 
pinges  on  a  flat  surface.  T 
strainer  consists  of  a  large  p 
of  flanges,  with  a  piece  of  vcr 
fine  perforated  iron  bctwce 
them.  The  aggregate  area  0 
the  perforations  is  greatei 
that  of  the  pipe.  The  sii 
is  placed  in  the  suction 
and  is  intended  to  prevent  an; 
scale,  dirt,  or  grit  from  entel 
ing  the  compressor  cylindei 
It  should  be  cleaned  at  lu 
once  a  season. 

1 403.     Drier.— The 

equipped   compression   nu 

^^^^=  I  _QT-ijk,  chines    are    provided    wil 
'-  -  driers.     A  drier  consists  of 

vertical  pipe  10  or  13  inches  ii 
diameter  and  4  to  6  feet  longj, 
provided  with   removabli 
FrcBsi.  heads.     The  shell   is  parti; 

filled  with  quicklime  or  caustic  soda  and  placed  in  the  sue 
tion  line  of  the  compressor.     The  ammonia  gas  passing 
the  compressor  must  traverse  the  drier  and  there  give 
any  moisture  that  it  may  contain. 

1404.     By.Pass.— It    is   often   necessary,  in  makii 
repairs,  to  empty  the  condenser  into   the   expansi<in   coil 
For  this  purpose,  the  compressor  is  provided  with  a  by 
which  permit."*  the  ammonia  to  be  taken  from  the  condense* 
and  delivered  to  the  expansion  coils,  where  it  is  stored  uni 
after  the  repairs  are  completed.     A  by-pass  for  ; 
acting  machine  is  shown  in  Fig.  332.     When  the  condenser 
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to  be  pumped  out,  valves  A  and  I>  are  closed  and  valves  A' 
and  K  are  opened.  To  pump  out  the  pipe  ^  C,  valves  A, 
JC,  and  Y  are  closed  and  valve  B  is  opened. 


:j^ 


The  by-pass  on  the  Prick  duplex  compressor  is  shown  in 
Fig.  333.  The  angle-valves  D  and  D'  are  so  arranged  that 
when  one  of  them,  say  D' ,  is  open  and  the  valve  C  is  shut, 
compressed  gas  will  pass  from  the  cylinder  B  through  the 
discharge-pipe;  when,  however,  D'  is  closed  and  C  is  open, 
the  gas  will  flow  from  B  through  the  pipe  M.  The  valves 
J>  and  S'  act  in  a  similar  manner.  The  valves  E  and  E' 
are  so  arranged  that  when  E  is  closed,  the  gas  will  flow 
through  the  pipe  M  from  C  to  the  valve  G,  but  when  E  is 
open,  the  gas  will  flow  through  the  pipe  K  to  the  suction- 
pipe  without  passing  to  the  valve  G. 

To  pump  out  the  compressor  B,  the  valves  C,  G,  and  D 
are  opened  and  the  valves  S,  S\  D' ,  C,  E,  E\  and  G'  are 
closed.  The  closing  of  the  valve  i'  shuts  off  the  suction- 
pipe  from  the  cylinder  A,  and  the  gas  is  pumped  from  cyl- 
inder B  instead.  It  passes  through  the  open  valve  C,  the 
pipe  M,  and  the  open  valve  G,  and  is  expelled  after  com- 
pression into  the  discharge  through  the  open  valve  D. 

To  pump  out  the  condenser,  the  valves  I),  C,  0\  C,  and  /:' 
are  opened  and  all  others  are  closed.  The  valve  S'  being 
closed,  the  gas  can  not  be  drawn  from  the  suction-pipe.  As 
the  piston  in  />'  makes  its  compression  stroke,  the  gas  will 
flow  from  the  condenser  through  the  discharge,  the  open 
valve  (T,  the  pipe  N,  the  open  valve  G',  and  thence  into  the 
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cylinder  /.',      Tlu-  valve  /)'  bciny 
will  fl.iw  Ihruugh  vl/,  through  th' 


the  pipe  K  into  the  suction  line.  With  the  valves  thus 
arranged,  pump  B  takes  gas  from  the  condenser  and  dis- 
charges it  into  the  suction  line.  The  pump  A  does  no  work 
whatever  except  to  churn  the  gas  back  and  forth. 

CONSIDERATIONS    AFFECTING    THE    ECONOMY 

OF   THE  COMPRESSION  SYSTEM. 

1405.     Friction.  —  The   total  work  delivered   to  the 

refriger;iting-inachinc,  including  the  steam  engine  or  other 

motor  that  drives  it,  is  the  work  done  by  the  steam  in  the 
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engine  cylinder.  The  net  or  useful  work  is  that  done  on 
the  gas  in  the  compressor  cylinder.  The  difference  between 
the  two  is  the  work  done  against  the  frictional  resistances  of 
the  engine  and  compressor.  To  determine  the  friction,  there- 
fore, it  is  only  necessary  to  determine  by  means  of  an  indi- 
cator the  indicated  horsepower  of  the  steam  cylinder  and 
that  of  the  compressor  cylinder;  the  difference  will  be  the 
power  absorbed  in  overcoming  friction. 

The  ratio  of  the  friction  horsepower  to  the  horsepower  of 
the  steam  cylinder  depends  in  some  degree  upon  the  type  of 
machine.  In  this  respect,  the  direct-acting  has  an  advantage 
over  the  indirect  machine;  based  on  the  horsepower  of  the 
steam  cylinder,  the  friction  of  the  former  type  varies  from 
12  to  20  per  cent.,  while  that  of  the  latter  type  is  from  18  to 
30  per  cent.,  the  increase  being  due  to  the  increased  number 
of  bearings  and  wearing  surfaces.  In  general,  the  friction 
of  a  vertical  machine  is  less  than  that  of  a  horizontal 
machine. 

1406.  Clearance. — This  very  important  factor  in  the 
economy  of  the  compression  system  often  cuts  down  the 
capacity  and  economy  of  the  pump.  In  a  first-class  com- 
pressor, the  clearance  has  been  known  to  be  as  low  as  -^^  of 
1  per  cent.  In  actual  practice,  however,  it  probably  amounts 
to  about  1  per  cent.  The  method  of  ascertaining  the  clear- 
ance spate  between  the  cylinder-head  and  piston  has  already 
been  e.^cplained  in  Art.  1386.  That  in  the  recess  of  the 
suction  and  discharge  valves  may  be  calculated  as  follows: 

Rule — Multiply  the  ana  of  the  vahe  in  inches  by  the 
distance  between  the  face  of  the  valve  and  the  head  when  the 
valve  is  seated.  Divide  this  product  by  the  volume  of  the 
cylinder,  and  the  result  is  the  per  cent,  of  clearance  for  the 
valve.  Applying  this  rule  to  each  of  the  valves,  and  add- 
ing the  results  to  the  clearance  space  between  the  head 
and  piston,  the  sum  will  be  the  total  clearance  for  the  com- 
pressor. 

,  1407.  Cylinder  Muperheatlng;. — As  stated  in  Art. 
1380,  the  greater  tht  difference  uf  temperature   between 


I 


MM  PRINCIPLES  OP  REFRIGERATION. 

the  iolet  Aod  oatlet  sas,  tbe  greater  tbe  amount'of  cylinder 
cspcr  beat  nig ;  tberefure  tbe  warmer  the  coadcn&ing  water 
and  colder  the  brine,  the  miirc  the  vapor  is  soperheatcd. 
P'>r  imglc-actiog  machines  the  kiss  due  tit  cyliodrr  sufier- 
heating  aniMants  to  aboal  2^  percent,  and  for  double-acting 
machines  atKxit  3*)  per  cent,  irhen  the  maichine  ts  running 
with  a  bead  pressure  of  150  pounds  and  a  I^ack  pressure  of 
1J>  (KKinds  per  square  inch.  If  the  bead  pressure  is  increased 
or  the  back  pressure  decreased,  the  loss  will  be  greater. 

i40S.  Compaand  CompreaHloii. — In  order  to  over- 
come the  loss  due  to  cylinder  superheating,  compound 
ammonia  orapressnrs  have  been  built.  The  gas  is  first 
compressed  in  a  targe  cylinder  and  is  then  discharged  into 
a  smaller  one,  where  it  is  compressed  to  the  linal  pressure. 
There  are,  however,  no  authentic  tests  on  such  compressors, 
and  it  is  an  open  question  whether  the  increased  friction  does 
not  more  than  make  up  for  the  gain  due  to  the  lessened 
superheating. 

1 409.  EfTecc  of  PreaMures. — Neglecting  the  loss  due 
to  superheating,  it  was  shown  in  Arts.  I37S  and  1376 
that  for  maximmn  theoretical  econocny  and  capacity,  the 
suction  pressure  should  be  as  high  as  possible  and  the  con- 
densing pressure  as  low  as  possible. 

It  is  evident  also  that  these  are  the  conditions  that  reduce 
the  loss  due  to  superheating.  It  follows,  therefore,  that  the 
back  pressure  should  be  high,  not  only  in  order  to  increase 
the  capacity,  but  also  to  reduce  the  superheating. 


THE    AMMONIA    ABSORPTION  SYSTEM. 

GENKRAI.    nRSCRIPTION. 

1410.  The  action  of  a  refrigerating  system  of  the 
absnrption  type  is  based  upon  the  affinity  of  a  vapor,  usually 
ammonia  vapor,  for  water.  As  stated  in  Arts.  1361  and 
1363,  water  will  alisorli  1,140  times  its  volume  of  ammonia 
gas,  ami  to  liberate  one  pound  of  ammonia  gas  thus  absorbed 
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remiires  tin;  uxpe 
a  strong  solution 
solulion,  the  nm 
relalively  high   {< 


itiire  of  9^5.7  B.T.U.  Suppose  we  have 
aqua  ammonia;  if  heat  be  applied  to  the 
gas  or  vapor  will  be  driven  off  at 
.  and  when  passed  through  a  con- 
densing coil,  will  con- 
dense to  the  liquid 
state.  The  liquid  can 
now,  just  as  in  the 
(ompression  system, 
1 1.  admitted  to  a  re- 
frigerating  coil 
through  an  expansion, 


alv. 


In  this 


ail  it 


V,  dl  vaporize  and  with- 
draw heat  from  the 
surrounding  objects. 
The  vapor  may  now 
be  again  absorbed  by 
water,  thus  regaining 
[ts  original  state  and 
closing  the  cycle  of 
tperations. 

1411.     The  essen-, 

tial  features  of  the 

absorption  system  are 

bhown    in   Fig.   ^34. 

Steam  is  admitted  at 

a  pressure  of  about  4^l 

pounds    per    square 

mch,  gauge,  to  a  coil 

B    submerged  in  a 

•strong   solution   of 

aqua    ammonia    con- 

*  tained  in  the  vessel  .4, 

temperature  of  the  solution  will  be  raised    nearly  to 

of  the  incoming  steam,  say  to  about  270"  F.,  and   the 

.  absorbed  will  cause  the  ammonia  gas  to  be  driven  off 
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at  a  pressure  of  say  160  pounds  per  square  inch.  The  pres- 
sure corresponding  to  any  given  temperature  depends  upon 
the  strength  of  the  solution;  the  stronger  the  solution  the 
higher  the  temperature,  and  vice  versa.  As  the  temperature 
of  the  solution  is  below  the  boiling  point  of  water  for  this 
pressure,  no  water  will  evaporate,  and  only  ammonia  gas  will 
pass  over  into  the  condenser  C.  The  construetion  of  the 
condenser  is  similar  to  that  of  the  compression  system. 
The  cold  water  flowing  over  the  cojidensing  coils  absorbs  heat 
from  the  gas,  and  the  combined  effect  of  the  high  pressure 
and  the  cooling  action  of  the  water  is  to  liquefy  the  gas.  It 
is  to  be  noted  that  the  pressure  is  not  produced  mechanically, 
as  in  the  compression  machine,  but  by  chemical  action. 

As  the  ammonia  liquid  passes  through  the  expansIon-vaSve 
to  the  expansion  coils,  the  pressure  is  reduced,  reevapora- 
tion  begins  in  the  expansion  coils,  and  heat  is  absorbed  from 
the  brine  or  other  substance  in  the  chamber  D. 

In  the  compression  system,  the  ammonia  pump  draws  the 
gas  from  the  expansion  coils,  but  in  the  absorption  system, 
the  removal  of  the  gas  is  effected  by  allowing  the  gas  from 
the  expansion  coils  to  mingle  with  the  weak  solution  of 
ammonia  from  which  the  gas  was  expelled  in  the  tttlll  or 
generator  A. 

During  the  process  of  generating  the  ammonia  gas  in  the 
still  A,  the  strong  solution  rises  to  the  top  on  account  of 
its  smaller  specific  gravity,  and  the  weaker  solution  settles 
to  the  bottom  and  flows  through  a  pipe  to  the  vessel  E 
called  the  absorber.  Here  it  meets  the  gas  as  it  comes 
from  the  expansion  coil  and  absorbs  it.  Since  a  low  tem- 
perature is  required  for  efficient  absorption,  the  weak  liquor 
on  its  way  to  the  absorber  passes  through  a  coil  (T,  which 
is  cooled  by  running  water.  The  absorber  E  is  also  pro- 
vided with  a  water  coil  /'"  A  small  pump  P  takes  the  strong 
liquid  from  near  the  top  of  the  absorber  and  forces  it  back 
into  the  generator.     This  completes  the  cycle  of  operations. 

1412.  Fig,  335  shows  a  sectional  elevation  of  a  Ponti- 
fex-IIendrick  absorption  uKuhinL-,      The  various   parts  and 
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Iheir  functions  are  as  follows:  The  K^^nerator,  (tClIl,  or 
retort,  is  the  cylinder  containing  the  charge  of  aqua 
ammnnia;  it  is  supplied  with  a  steam  coil  to  drive  the 
ammonia  gas  from  the  solution.  The  steam  inlet  is  shown 
at  i\  The  ascending  gas  passes  through  the  trays  of  the 
aoalyKer,  which  act  as  baffle-plates,  and  cool  the  gas  hy 
means  of  the  incoming  strong  liquor  which  they  contain. 
From  the  analyzer  the  gas  passes  through  the  pipe  G  to  the 
rectiner;  this  is  a  coil  of  the  atmospheric  type,  supplied 
with  pockets  on  some  of  the  return  bends  to  catch  any 
moisture  that  may  pass  from  the  generator  and  be  mixed 
with  the  ammonia  gas.  The  gas  on  ieaving  the  rectifier  is 
strictly  anhydrous,  all  water  vapor  having  been  removed. 
The  water  returns  to  the  analyzer  through  the  drip  M. 
The  gas  then  enters  the  eond«a»cr,  where  it  is  liquefied, 
then  passes  to  the  cooler,  where,  after  abstracting  the  heat 
from  the  brine,  it  is  revaporized  and  passes  off  to  the 
absorber.  The  weak  liquor  in  the  generator  is  forced  by 
the  high  pressure  in  the  generator  into  the  shell  of  the 
exchanger,  whence  it  passes  to  the  absorber.  After 
absorbing  the  gas  and  being  cooled  by  the  water  coils  in  the 
absorber,  the  liquor  is  forced  by  means  of  the  ammonia 
pump  through  the  coils  of  the  exchanger  and  intoihe  ana- 
lyzer. The  hot  weak  liquor  entering  the  shell  and  the  cool 
Strong  liquor  entering  the  coil  of  the  exchaotcer,  transfer 
or  exchange  their  heat,  so  that  the  weak  liquor  becomes 
cooled  and  the  strong  liquor  becomes  heated.  The  use  of 
the  exchanger  effects  a  considerable  saving  of  both  water 
and  coal.  The  strong  liquor  entering  the  analyzer  gradu- 
ally works  down  from  tray  to  tray,  and  in  its  descent  is 
heated  by  the  ascending  gas. 

The  various  parts  indicated  by  the  reference  letters  are  as 
follows; 

B,  brine  inlet  to  cooler. 

B' ,  brine  outlet  from  cooler. 

.S,  steam  inlet. 

W,  XV,  water  inlet  to  condenser. 

W,  pipe  conveying  water  frum  cmidenser  to  absorber 
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W,  waste-water  outlet  from  absorber. 
L,  pipe   conveying  weak    liquor    from   generator  to  ex- 
changer. 

/,',  pipe  conveying  weak  liquor  from  exchanger  to  absorber. 

F,  pipe  conveying  gas  from  condenser  to  cooler. 

G.  pipe  conveying  gas  from  analyzer  to  rectifier. 
G',  pipe  conveying  gas  from  rectifier  to  condenser. 

f>.  pipe  conveying  strong  liquor  from  pump  to  exchanger. 
/?',  pipe  conveying  strong  liquor  from  exchanger  to  ana- 
ly«r. 

P.  pipe  conveying  strong  liquor  from  absorber  to  pump. 


DETAILS    OF   THE    ABSOHPTIOK    SYSTEM. 

1413.  The  K^nerator,  sometimes  called  the  still  or 
retort,  is  the  vessel  in  which  the  aqua  ammonia  is  placed 
and  from  which  the  ammonia  gas  is  evaporated.  There 
are  two  classes  of  generators,  viz.,  dtreci 
indirectly  heated  by  means  of  a  steam  < 
class  is  now  seldom  seen.  Generators  pre 
coils  are  subdivided  into  two  classes,  i 
horizontal.  Vertical  stills,  used  largely  c 
chines  in  the  South,  are  usually  made  of  boiler  plate  v 
riveted  seams.  The  internal  coils  are  of  the  helical  type 
nestei]  one  Jnslde  of  the  other.  The  steam  inlets  pass 
through  the  side  of  the  shell,  and  the  outlet  for  the  con- 
densed steam  through  the  bottom  head.  These  tails  are 
protected  by  either  lock-nuts  or  glands.  The  same  objec- 
tion applies  to  the  vertical  still  as  to  the  vertical  boiler;  it 
does  not  make  dry  gas.  The  evaporating  surface  being 
comparatively  small,  depending  upon  the  diameter  of  the 
shell,  the  boiling  is  very  rapid,  and  it  is  difficult  to  keep  the 
steam  coils  always  submerged.  If  these  coils  are  exposed 
to  the  action  of  the  gas  and  liquor  when  uncovered,  they 
will  become  pitted  and  will  have  to  be  renewed  in  the 
course  of  two  or  three  years.  Vertical  stills  are  also  liable 
to  boil  over  when  forced,  the  ebullition  being  so  strong  at 


.  fired  and  those 
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siich  a  time  as  to  cause  the  complete  charge  to  pass  over 
into  the  condenser.  Another  objection  is  the  excessive 
height  necessary  to  accommodate  stills  of  this  class. 

With  a  view  to  the  elimination  of  these  difficulties,  the 
horizontal  still  was  constructed.  The  ebullition  in  this 
case  is  very  quiet,  no  action  being  noticeable  in  a  gauge- 
glass.  The  liberating  surface  of  the  liquid  is  large,  and 
there  is  no  difficulty  in  keeping  the  coils  covered  with 
liquor.  Coils  in  use  in  this  type  of  machine  have  lasted 
for  fourteen  years  without  any  appreciable  pitting.  The 
shells  of  horizontal  generators  are  usually  made  of  cast 
iron.  The  first  cost  of  a  horizontal  generator  is  greater 
than  that  of  the  vertical  still. 

1414.  Analyxer.— In  the  case  of  the  vertical  still, 
the  upper  portion  of  the  shell  is  provided  with  a  series  "f 
wrought-iron  plates  so  arranged  that  the  returning  strong 
liquor  will  pass  over  these  plates  and  come  in  contact  with 
the  ascending  gas.  In  the  case  of  the  horizontal  still,  the 
analyzer  is  attached  as  shown  in  Fig.  335.  It  is  provided 
with  cast-iron  pans,  one  set  above  the  other  in  such  a. 
manner  that  though  the  descending  strong  liquor  comes 
in  contact  with  the  gas,  the  latter  does  not  pass  through 
the  liquor  as  in  the  former  case;  the  gas  is  thereby  left 
much  drier.  Cast-iron  plates  are  also  more  durable  than 
the  wrought-iron  ones. 

1415.  Rectifier. — The  rectifier  is  a  coil  or  series  of 
coils  arranged  like  those  in  the  condenser.  Its  office  is 
to  precipitate  on  the  sides  of  the  pipes  any  moisture  that 
may  have  passed  over  with  the  gas.  This  moisture  is  then 
collected  in  a  trap,  like  water  in  an  ordinary  steam  separa- 
tor, and  the  liquid  is  then  allowed  to  pass  back  into  the 
analyzer  by  gravity  or  enter  the  receiver  of  the  absorber. 
The  rectifier  is  a  very  necessary  part  of  th*e  absorption  , 
machine,  as  upon  it  the  efficiency  of  this  type  of  machine 
largely  depends. 

141(1.  Exchanger  and  Weak-L.I<|uor  Cooler. — 
The  exchanger  is  a  cast  or  wrought  iron  shell  provided  with 
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coils.  The  inlet  for  the  hot,  weak  liquor  from  the  still 
enters  the  shell  near  the  top,  and  the  outlet  is  near  the 
bottom.  The  ammonia  pump  delivers  the  strong  liquor 
into  the  bottom  of  the  coils.  After  being  heated,  the  strong 
liquor  passes  out  of  the  top  of  the  coils  into  the  analyzer. 
The  inlets  and  outlets  of  these  coils  are  connected  by  means 
of  a  header.  Some  makers  reverse  this  action  and  allow 
the  weak  liquor  to  pass  through  the  coils  and  the  strong 
liquor  through  the  shell.  One  method  has  no  particular 
advantage  over  the  other.  The  tails  of  the  coils  are  pro- 
vided with  either  lock-nuts  or  glands,  to  prevent  ammonia 
leakage.  Weil-proportioned  machines  should  have  at  least 
6  square  feet  of  exchanging  surface  per  ton  of  refrigerating 
effect.  Machines  employing  vertical  stills  seldom  have  over 
S  square  feet  per  ton,  as  better  exchanging  increases  the 
liability  of  boiling  over.  In  such  machines,  it  is  necessary 
provide  other  means  for  cooling  the  weak  liquor  before 
enters  the  absorber,  as  the  surface  is  not  sufficiently 
large  in  the  absorber  to  cool  the  weak  liquor  below  130°  or 
140°  F.  For  this  purpose,  a  •wcak-liqiior  cooUr  is  pro- 
vided. It  consists  of  either  an  atmospheric  or  submerged 
coil  of  pipe  through  which  the  weak  ammonia  liquor  passes 
■  on  its  way  from  the  exchanger  to  the  absorber.  The  sur- 
■face  depends  largely  upon  how  much  it  is  desired  to  cool 
the  liquor,  and  may  be  from  3  to  10  square  feet  per  ton. 

1417.     Condenser. — Condensers  used  for  this  system 
e  similar  to  those  already  described   in  case  of  the  com- 
;|>ression  machine  in  Arts.  13B5  to  1397. 

I'll  8.  Abstorber. — There  are  four  classes  of  absorbers, 
I.,  the  submergid  or  lank  absorber,  the  full  absorber, 
empty  absorber,  and  atmosplifric  absorber.  The  first  con- 
sists of  a  series  of  coils  arranged  in  a  water-tank.  The 
pis  enters  the  top  of  the  coils,  and  the  weak  liquor  sprayed 
in  at  the  top  gradually  works  down  through  the  coil,  ab- 
sorbs the  gas  in  its  descent,  and  enters  the  receiver  at  the 
ibottom,  into  which  all  the  coils  are  connected.     The  water 
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in  the  tank  enters  at  the  bottom,  passes  off  at  the  top^ 
and  carries  away  the  heat  of  absorption.  Such  absorl 
should  contain  from  30  to  40  sqnare  feet  of  surface 
ton  of  refrigerating  effect.  TheyuZ/absorlwr  consists  of  ■ 
cylindrical  shell  provided  with  water  coils  nested  one  within 
the  other,  or  else  with  straight  tubes  similar  to  the  tubes 
a  boiler.  The  tatter  is  preferable  on  account  of  ease  of 
cleaning,  but  the  liability  of  leakage  is  greater,  owing  tOl 
the  number  of  joints.  The  gas  and  weak  liquor  enter  tba 
shell  near  the  bottom,  the  gas  passing  up  through  the  liqutX'' 
contained  in  the  shell  and  being  absorbed  by  it.  The  liquor 
overflows  near  the  top  of  the  shell  and  passes  to  the  pumifi 
suction,  the  water  entering  the  top  of  the  coils  or  tubes  and 
out  at  the  bottom.  The  objection  to  this  type  is  that  it  n 
necessary  for  the  gas  entering  the  absorber  to  have  suffi- 
cient pressure  to  pass  through  the  liquor.  This  takes  awa; 
from  the  absorber  the  pressure  equal  to  the  head  due  to  th« 
height  of  liquor  above  the  inlet  gas.  For  this  reason, 
the  empty  absorber  is  much  more  efficient,  particularly  in 
the  case  of  low  temperatures.  The  construction  of  thi^ 
absorber  is  similar  to  that  of  the  full  absorber,  except 
that  the  weak  liquor  is  sprayed  in  over  the  coils  at  the  top* 
of  the  shell  and  the  gas  enters  below  this  spray.  The 
bottom  of  the  absorber  takes  the  place  of  the  receiver. 
The  atmospheric  absorber  is  not  a  commercial  success,  and  is, 
only  provided  by  one  or  two  builders. 

1419.  Ammonia  Pump. — The  aqua-ammonia  pump 
consists  of  a  small  well-proportioned  steam  or  power  pump, 
amply  strong  to  run  against  a  pressure  at  350  to  400  pounds 
per  square  inch.  This  is  not  the  regular  ser\'ice  of  tb« 
pump,  but  such  pressure  is  used  for  the  purpose  of  testin] 
the  various  parts  of  an  absorption  machine  and  the  piping 
for  the  purpose  of  detecting  leaks  before  the  machine  IS 
started.  Direct-acting  steam-pumps  are  built  either  with  Of 
without  Hy-wheels.  Duplex  ammonia  pumps  are  not  satis, 
factory.  Ammonia  pumps  should  have  a  capacity  of  1. 
cubic  inches  per  minute  per  ton  of  refrigerating  effect. 
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1420*  CaHtifif^H  and  Coils. — All  castings  used  for 
ammonia  work  should  be  made  in  either  loam  or  dry  sand 
and  should  be  tested  to  a  hydraulic  pressure  of  500  pounds 
per  square  inch.  The  iron  used  should  be  of  fine  grain  and 
free  from  imperfections,  sand,  or  blow-holes.  All  coils  used 
for  this  work  should  be  made  of  extra  heavy  lap-welded 
redrawn  tuyere  pipe.  They  should  be  continuously  welded 
and  tested  to  a  hydraulic  pressure  of  800  pounds  per  square 
inch,  or  an  air-pressure  of  300  pounds  per  square  inch  under 
water.  The  coils  should  be  well  hammered  while  being 
tested,  so  as  to  dislodge  all  scale,  dirt,  etc. 


CON»II>BRATIOKS    AFFECTING     THE     ECONOMY     OF     THB 

ABSORPTION    SYSTEM. 

1421.     Generation    of    Anhydrous    Ammonia. — 

Few  of  the  absorption  machines  now  built  are  able  to  gen- 
erate pure  anhydrous  ammonia  gas  without  some  trace  of 
moisture.  In  order  t<j  get  economical  results,  the  absorption 
machine  must  make  anhydrous  ammonia.  Any  adultera- 
tion, even  if  as  low  as  5  per  cent.,  decreases  the  economy 
of  the  machine  considerably.  Machines  having  vertical 
stills  are  more  subject  to  this  trouble  than  those  with  hori- 
zontal stills.  The  analyzer  of  a  horizontal  still  condenses 
out  some  of  the  water  on  the  under  side  of  the  analyzer 
trays,  the  gas  leaving  with  probably  not  over  5  per  cent, 
entrained  moisture.  To  extract  this  remaining  5  per  cent., 
the  rectifier  is  used.  The  most  efficient  form  of  rectifier  is 
that  containing  a  number  of  drip  pockets  for  the  purpose  of 
trapping  out  the  moisture  by  a  differential  process;  the 
gas  leaves  the  last  pocket  in  a  j)ractically  dry,  anhydrous 
state. 

The  method  of  testing  samples  of  anhydrous  ammonia 
for  impurities  has  already  i)een  explained  in  Art.  1364. 
If  it  is  not  convenient  to  draw  out  a  sample  of  anhydrous 
ammonia,  its  condition  may  be  approximately  determined 
by  noting  the  temperature  of  the  brine,  or,  better  yet,  that 
of  the  ammonia  in  the  expansion  coils,  if  this  is  possible. 
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and  the  back  pressure, 
ings,  turn  U>  Table  '^6, 
ammunia  gas.     The  tei 
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After  determining  these  two  read- 
giving  the  properties  of  saturated 
iperature  of   the  ammoni 

by  the  table  should    be  nearly 


identical  with  the  temperature  in  the  expansion  coils,  U 
the  latter  temperature  is  any  higher  than  that  given  in  the 
table  for  the  corresponding  pressure,  one  may  be  assured 
that  Ihe  variation  is  due  to  water  in  the  anhydi 
The  ice-machines  of  the  South  are  much  troubled  in  this 
particular,  as  few  of  them  carry  a  back  pressure  above  thai 
of  the  atmosphere,  even  with  high  brine  temperature; 
the  freezing  tank.  This  is  due  to  the  fact  that  the  ma- 
chines do  not  make  anhydrous  ammonia.  The  makers  and 
operators  of  such  machines  think  that  it  is  necessary  to  carry 
a  low  back  pressure ;  this  is  a  mistake,  and  the  trouble  should 
be  looked  for  in  the  still,  analyzer,  or  rectifier  of  the  machi 
when  these  are  constructed  correctly,  the  back  pressure  will 
rise  of  its  own  accord. 

1422.      Emciency     of     AbsortMsr.  —  Naturally    the 

higher  the  back  pressure,  the  stronger  will  be  the  strong 
liquor  leaving  the  absorber;  and  the  stronger  the  liquor, 
the  less  quantity  will  have  to  be  pumped  per  ton  of  work 
done.  From  this  it  will  be  seen  that  a  high  back  pressure 
is  cuoducivc  III  economy,  in  that  it  tends  In  secure  a 
strong  solution  in  the  absorber  and  thus  diminishes 
quantity  of  liquor  to  be  pumped.  The  absorber  that 
give  the  strongest  solution  for  any  given  back  pressure  and 
the  coolest  pump  delivery  for  the  same  amount  of  water  ta 
the  most  efficient.  Absorbers  run  on  the  empty  principle 
are  more  efficient  in  this  respect  than  either  the  submerged 
or  full  absorber.  An  absorber  should  have  sufficient  surface 
and  so  distributed  that  it  will  be  economical  in  the  quantity 
of  cooling  water  used.  It  should  be  designed  with  a  view 
to  using  the  water  after  it  has  passed  through  the  condenser 
and  has  done  its  work  in  condensing  the  ammonia  gas. 
Water  should  never  be  run  through  the  absorber  first  and 
then  through  the  condenser,  as  this  invariably  increases  the 
head  pressure. 
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1423.  Efficiency  of  ExchanEer. — The  exchanger 
should  be  of  ample  size  and  have  large  surfaces,  so  that  it 
is  unnecessary  to  add  on  a  weak-liquor  cooler.  A  large 
exchanger  naturally  gives  cool  weak  liquor  to  the  absorber 
and  warm  strong  liquor  to  the  analyzer.  This  economizes 
both  the  steam  and  water  consumption  of  the  macliine. 

1424.  Comparison  of  Absorption  and  Compres- 
sion Systems.  ^Recent  tests  made  by  Professor  J,  E. 
Denton  on  a  SO-ton  Pontifex-Heiidrick  machine  have  demon- 
strated the  following  facts:  That  with  excessively  low  brine 
temperatures,  such  as  20°  below  zero  P..  the  capacity  of  the 
machine  was  only  diminished  by  about  10  per  cent.  The 
economy  of  the  machine  at  these  low  temperatures  was 
better  than  that  of  a  compression  machine  driven  by  a  com- 

I  pound  Corliss  engine  that  would  not  use  over  15  jniunds  of 
steam  per  horsepower  per  hour.      Its  economy  with  high 
I  brine  temperatures  was  better  than  that  of  a  compression 
machine  driven  by  an  ordinary  Corliss  engine.     The  water 
consumption  of  this  machine  with  low  brine   temperatures 
1  was  from  two  to  three  gallons  per  ton  per  minute,  but  the 
I  temperature  of  the  water  in  this  case  was  70°  F.     This  is 
I  probably  considerably  more  than  would  be  used  by  a  com- 
pression machine. 

The  relative  economy  of  the  two  systems  is  still  an  open 

I  question.     Under  certain  conditions,  it   is   likely  that  the 

absorption  machines  give  better  results  than  compression 

I  machines;  for   example,   a   small   absorption    machine   will 

j  probably  be  more  economical  than  a  compression  machine 

iven  by  an   ordinary  slide-valve  engine.      On  the  other 

hand,  tests  of  large  compression   machines  under  favorable 

conditions  show  an  economy  higher  than  that  of  the  ordi- 

[  nary  absorption  system  of  the  same  capacity. 


I  CARBON-DIOXIDE   REFR1GERATIN«-M ACHIKES. 

1425.  Compression  machines  using  carbonic  acid  as  a 
[  refrigerating  fluid  are  Coming  into  quite  extensive  use,  espe- 
t  cially  in  Germany,  where  liquid  carbonic  acid  is  manufac- 
L  tured  very  cheaply  as  a  by-product  of  the  brewing  industry. 
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The  characteristic  feature  of  the  carbon-dioxide  system  is 
the  high  pressure  required  for  the  condensation  of  the  gas. 
Referring  to  Tabic  2o,  Art.  1355,  it  is  seen  that  at  a  tem- 
perature of  68"  F, ,  the  pressure  is  8'14  pounds  per  square 
inch,  absolute.  The  hack  pressure  is  correspondingly  high ; 
for  a  temperature  of  5"^  F,  in  the  expansion  coil,  the  pres- 
sure is  :S4'^  pounds,  absolute. 

1426.  Reference  to  Table  25  shows  also  that  at  ordinary 
refrigerating  temperatures,  the  density  of  carbon  dioxide  is 
great  compared  with  ammonia  at  the  same  temperature. 
Thus,  at  ?T'  F.,  a  cubic  foot  of  carbon  dioxide  (vapor)  weighs 
15.475  pounds,  while  a  cubic  foot  of  ammonia  at  that  pres- 
sure weighs  only  ,5  pound.  Though  the  latent  heat  of 
carbon  dioxide — and  in  consequence  the  refrigerating  effect 
per  pound — is  less  than  that  of  ammonia,  the  greater  density 
permits  the  use  of  a  compression  cylinder  of  much  smaller 
dimensions  than  the  cylinder  of  the  ammonia  compressor. 
This  may  be  illustrated  by  a  numerical  example.  In  the 
problem,  Art.  1374,  the  theoretical  volume  of  the  com- 
pressor cylinder  for  a  capacity  of  '20  tons  was  found  to  be  a 
little  less  than  i  cubic  foot.  Suppose  we  have  a  compressor 
using  carbon  dioxide,  the  condenser  temperature  being  68° 
and  the  temperature  in  the  refrigerating  coil  14°  F.  The 
heat  abstracted /tr /•ow«(/ of  vapor  is  given  by  equation  (r), 
Art.  1370: 

Q,  =  r-s{f,-  /„), 

The  specific  heat  of  liquid  carbon  dioxide  being  1,  we  have 
Q,^r-  (/,.  -  /„). 

At  W  ¥.,  the  latent  heat  is  115.7  B.  T.  U.  {see  Table  25); 
hence 

t?,  =  116.7 -(68 -14)  =  til. 7  B.  T.  U. 

For  a  capacity  of  20  tons,  the  heat  abstracted  per  minute 
must  be 


:  285,31X1  _ 


3,9(i2.5B.  T.  U. 
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At  112  strokes  per  minute,  the  weight  of  carbonic  acid 
circulated  per  stroke  must  be 

At  a  temperature  of  ]4°  P.,  a  cubic  foot  of  carbon  diox- 
ide weighs  i.5;J5  lb. ;  hence  the  cylinder  volume  required  is 
.57-H  i.535  =  jr  cubic  foot,  about  i  of  the  volume  required 
for  ammonia. 

1427.  The  small  volume  of  the  compressor  is  an  un- 
doubted advantage  of  the  carbon-dioxide  machine.  Other 
advantages  claimed  are  the  following: 

Carbon  dioxide,  or  carbonic  acid,  is  cheaper  than  ammonia, 
is  non-corrosive,  non -explosive,  and  is  not  dangerous  to  life 
when  diluted  with  air.  Another  advantage  of  carbon  dioxide 
is  that  it  has  no  harmful  effect  on  beer,  meat,  water,  or  any 
articles  in  cold  storage. 

The  objections  to  the  carbon-dioxide  machine  are  as  fol- 
lows: The  high  pressures  employed  render  the  c<jnstruction 
and  operation  of  the  machine  difficult.  It  is  also  difficult 
to  construct  the  piping  and  coils  so  that  the  joints  will 
withstand  the  pressure.  Gauge-glasses  will  not  stand  the 
pressures.  Owing  to  the  small  size  of  the  compressor, 
the  prejudicial  effect  of  the  clearance  is  more  marked  in 
the  carbon-dioxide  machine.  Carbon  dioxide  being  colorless 
and  odorless,  it  is  difficult  to  detect  leaks.  The  usual  test 
for  leaks  is  lime-water,  which  becomes  milky  in  the  presence 
of  carbon  dioxide. 

1428.  In  the  expression  for  the  heat  abstracted. 

Q^  =  r-s{f^-  /,). 
the  subtractive  part,  s  {/,,  —  /„),  is  due  to  the  incompleteness 
of  the  cycle  (see  Art.  1369).  The  latent  heat  of  ammonia 
being  relatively  great,  500  B.  T.  U.  and  more  per  pound  at 
ordinary  temperatures,  the  loss  j  {/,  —  /„)  due  to  fall  of  the 
temperature  of  the  liquid  is  small  in  comparison.  In  the 
case  of  carbon  dioxide,  however,  the  latent  heat  is  much 
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less,  and  this  Inss  is  relatively  much  greater;  thus,  in  the 
example,  Art.  1426,  the  loss,  fS  —  1+  =  54,  is  nearly  one- 
half  of  the  latent  heat,  1 15. 7. 

To  decrease  the  lass  of  efficiency  due  to  the  inrroinpleie- 
ness  of  the  cycle,  it  has  been  proposed  to  introduce  a  mutor 
between  the  condenser  and  refrigerator,  upon  which  the 
expanding  liquid  will  (\n  work,  thus  rendering  the  cycle 
complete. 

With  an  expansion-valve,  the  efficiency  of  a  carbon-dioxiilc 
machine  is  about  two-thirds  that  of  an  ammdnia  compression 
machine.  

SULPHUR-DIOXIDE    BBPKIGBRATING- 
MACHINES. 

1429>  Refrige rating-machines '  using  sulphur  dioxide 
as  a  refrigerating  fluid  are  in  use  to  some  extent.  However, 
a  reference  to  Table  2i,  giving  the  prc^erties  of  saturated 
sulphur  dioxide,  shows  that  this  gas  is  not  espcciaU;  adapted 
for  a  refrigerating  fluid.  Its  latent  beat  per  pound  is  less 
than  ^  of  the  latent  heat  of  ammonia,  while  its  density  is 
but  little  greater  than  that  of  ammonia.  Hence,  for  the 
same  ice-making  capacity,  the  volume  of  the  compressor 
cylinder  must  be  about  three  times  the  volume  of  an  am- 
monia compression  cylinder.  This  naturally  increases  the 
first  cost  of  the  plant,  and  even  allowing  that  such  a 
machine  is  as  economical  as  an  ammonia  machine,  its  first 
cost  is  sufficient  to  debar  its  sale.  Another  serious  objec- 
tion to  the  sulphur-dioxide  machine  is  the  fact  that  the  utmost 
care  must  be  taken  that  no  gas  shall  escape  from  the  con- 
denser and  other  coils,  as  this  gas  combining  with  water 
forms  sulphurous  acid,  which  rapidly  attacks  iron.  The 
machines  first  built  had  copper  condensing  coils,  but  the  first 
cost  of  these  was  so  great  that  they  were  soon  abandoned. 
The  utmost  caution  must  be  e.xercised  in  keeping  the  piston 
rod  perfectly  dry,  to  prevent  corrosion.  Sulphur  dioxide  is 
poisonous  when  inhaled. 

For  low  refrigerating  temperatures,  the  pressure  in  the 
refrigerating  coils  is  less  than   atmospheric   pressure  (see 
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Table  24).  As  a  result,  air  is  likely  to  leak  into  the  coils, 
and  this  in  combination  with  sulphur  dioxide  will  form 
sulphur  trioxide,  which  in  turn  will  in  contact  with  water 
form  sulphuric  acid. 

At  very  low  refrigerating  temperatures,  the  efficiency  of 
the  sulphur-dioxide  machine  is  low ;  at  higher  temperatures, 
the  efficiency  compares  fairly  well  with  that  of  the  ammonia 
compression  machine. 

VACUUM  REFRIGERATIXG-MACHINES. 

1430*  The  vacuum  machine  employs  water  vapor  as 
the  refrigerating  fluid.  From  the  fact  that  water  vapor  in 
order  to  have  a  low  temperature  must  have  a  very  low  ten- 
sion arises  the  name  **  vacuum  "  machine. 

The  operation  of  the  vacuum  machine  is  precisely  similar 
to  that  of  an  ammonia  compression  machine.  The  vacuum 
is  formed  by  a  pump,  which  withdraws  the  vapor  from  the 
refrigerator,  where  the  pressure  is  about .  1  pound  per  square 
inch  or  less,  and  compresses  it  into  a  condenser  at  a  pressure 
of  about  1.5  pounds.  The  evaporation  of  a  part  of  the  water 
in  the  refrigerator  withdraws  enough  heat  from  the  remain- 
der to  turn  it  to  ice;  or,  if  the  refrigerator  contains  brine, 
the  heat  absorbed  by  evaporation  lowers  the  temperature  of 
the  brine. 

In  a  vacuum  machine  of  this  type,  the  vapor  cylinder  must 
have  a  capacity  of  about  150  times  that  of  an  ammonia  com- 
pression machine  for  the  same  tonnage.  The  number  of  gal- 
lons of  condensing  water  per  ton  of  ice-melting  capacity, 
assuming  a  range  of  30°  F.  in  the  condensing  water,  is  340. 
The  ice-melting  capacity  per  pound  of  coal,  assuming  three 
pounds  of  coal  per  hour  per  horsepower,  is  about  25  pounds. 

It  is  evident  that  the  enormous  size  of  a  vacuum  machine 
of  this  type  puts  it  out  of  competition  with  other  refrigera- 
ting-machines. 

1431.  In  another  form  of  vacuum  machine,  the  use 
of  the  large  compressor  is  avoided  by  the  use  of  sulphuric 
acid  as  an  absorbent.     Fig.  336  is  a  diagram  showing  the 
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principle  of  operation  of  this  machine.  By  means  of  the  air- 
pump  P,  2L  nearly  perfect  vacuum  is  produced  in  the  chamber 
A,  and  the  water  in  the  bottom  of  this  chamber  begins  to 
vap^jrize.  The  vessel  B  contains  sulphuric  acid,  which  is 
delivered  to  the  vessel  C  in  the  form  of  a  spray.  The  acid 
having  a  great  affinity  for  water  absorbs  the  vapor  in  the 
chamber,  and  the  dilute  acid  flows  out  into  the  vessel  D. 
Fresh  water  enters  the  chamber  through  the  water  injector/", 
and  carries  with  it  some  of  the  salt  solution  that  has  been 
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Fig.  836. 

passing  ihrtni^^h  the  refrigerating  coil  H.  The  vaporization 
nf  sonir  (»!'  tlu-  water  cliills  tlie  remainder,  which  falls  to  the 
bottom  ot  the  chamber,  and  passing  to  the  coil  /:\  absorbs  a 
Ircsh  supply  of  heat.  A  pump,  not  shown  in  tlie  figure,  is 
irtpiired  to  j)umi)  tlie  acid  after  it  is  reconcentrated  into  the 

\('>srl   /»'. 

Tlic  principal  objccti«)n  to  the  machine  just  described  is 
that  tlie  sulphuric  ai^d  is  an  inconvenient  liquid  to  handle. 
The  vessels  and  j)ipcs  ciMitaining  it  must  be  of  lead  or  be 
lead-lined. 
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RBPRIGKRATING  SYSTEMS. 

1 432.  There  are  two  principal  systems  of  refrigeration, 
viz.,   the  brine  system  and  the  direct-expansion  system. 

In  the  former  system,  the  expansion  coiis  {B,  Fig.  324) 
are  immersed  in  a  tank  of  brine;  this  brine,  which  is  a  non- 
freezing  solution  of  salt,  gives  up  its  heat  to  the  ammonia 
evaporating  in  the  coils,  and  is  then  pumped  through  coils  of 
pipe  placed  on  the  sides  or  ceiling  of  the  room  to  be  cooled. 
The  circulating  brine  thus  continually  absorbs  heal  from  the 
cold  room  and  gives  it  to  the  ammonia,  and  the  latter  carries 
it  to  the  condenser. 

1433.  In  the  direct-expansion  system,  the  ammonia  is 
admitted  through  the  expansion-valve  directly  into  the  coils 
in  the  rooms  to  be  refrigerated.  The  heat  of  the  cold  room 
is  taken  up  by  the  ammonia  directly,  and  the  intermediate 
agent,  brine,  is  not  employed.  The  difference  between  the 
two  systems  may  be  explained  as  follows:  In  Fig.  324,  sup- 
pose the  expansion  coil  ^  to  be  a  comparatively  short  or 
compact  coil,  and  let  the  vessel  /?  be  a  tank  containing 
brine;  with  this  arrangement,  we  have  the  brine  system. 
On  the  other  hand,  .suppose  the  vessel  /?  to  represent  the 
room  or  rooms  to  be  cooled,  and  suppose  the  expansion  coil  li 
to  be  a  long  coil,  divided  into  many  branches,  and  located 
on  the  ceilings  or  sides  of  the  rooms;  this  arrangement  con- 
stitutes the  direct-expansion  system. 

1434.  Advantases  of  the  Systems. — Each  of  the 
systems  jnst  described  has  certain  advantageous  features. 
which  are,  however,  dependent  to  some  extent  on  the  condi- 
tions under  which  the  system  is  operated.  Advocates  of 
the  brine  system  urge  the  following  points  in  favor  of  this 
system  and  against  the  direct-expansion  system: 

1.  The  total  weight  '\f  ammonia  required  by  the  brine 
system  is  less  than  that  required  by  the  other  system. 

2.  The  whole  of   the  ammonia  part   of   the  system   is 
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:-»^atrd  in  "n^r  r-'m.  under  the  direct  care  of  the  attendant; 
with  the  liirect-exnansion  svslem,  «»n  the  other  hand,  the 
-  !  •-'C  attenri^'n  «»t  the  engineer  is  required  in  every  room. 

:i.  i  >n  acc«'Uiit  **i  the  large  quantity  of  circulating  brine, 
the  tempera:  11  res  are  more  easily  regulated  with  the  brine 
system  thai;  with  the  other;  also,  the  brine  will  circulate 
several  h«  »urs  after  the  machine  has  stopj>ed  and  still  keep 
the  r'Mim>  c»«Kl.  In  the  direct-expansion  system,  this  reser- 
ve »ir  •  •!  i'lKi — as  the  brine  may  be  called — is  lacking,  and  as 
siH>n  as  the  machine  stops,  the  refrigeration  also  stops,  and 
the  temp>erature  of  the  rcn^ms  begins  to  rise.  With  direct 
expansion,  therefore,  it  is  necessary  to  keep  the  machine 
runninir  c«intinually  '24  hours  per  day,  while  with  the  brine 
system  the  machine  can,  if  desired,  be  shut  down  at  night 
and  started  the  next  morning.  This  is  a  decided  advantage 
for  the  brine  system  in  the  case  of  small  plants,  where  the 
work  re(iuired  is  not  sufficient  to  justify  the  employment  of  a 
night  attendant.  In  large  systems,  also,  where  the  machines 
run  rontinuously,  it  is  of  some  advantage  to  be  able  to  stop 
\hr  niacliiiK'  t«»r  some  hours  to  make  needed  repairs. 

1.  Ill  c«»kl-slorav^e  retriixeration,  the  danger  of  damaging 
i;«M.il^  l»y  a  leaky  ammonia  coil  is  a  serious  objection  to  the 
direct -expansion  system. 

The  points  advanced  by  those  who  favor  the  direct-expan- 
sion svsteni  are  as  follows: 

1.  The  sy^tenl  is  simpler  and  cheaper  to  install;  there 
heinji^  n<»  intermediate  aj^ent  to  circulate,  the  brine  tank,  ex- 
pansion coils  in  the  tank,  and  brine-pump  are  dispensed  with. 

:t.  The  e(^ononiy  of  the  direct -expansion  system  is  supe- 
rior to  that  of  the  brine  system.  In  the  first  place,  the 
power  re(piired  to  drive  the  brine-pump  is  saved.  Then 
the  tenii)eraturc  of  the  ammonia  in  the  expansion  coil  must 
be  lower  in  the  brine  system  than  in  the  direct-expansion 
system.  Suppose,  for  example,  that  the  cold  room  is  to  hv 
kept  at  a  temperature  of  IV^"  F.  By  using  a  sufficient 
amount  of  piling,  the  temperature  of  the  ammonia  in  the  ex- 
pansion coils  may  be  say  •2*2°,  the  drop  of  10°  being  necessary 
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to  effect  the  transfer  of  heat.  The  back  pressure  cor- 
responding to  22°  is  about  35  pounds  gauge.  If  brine  is  used 
at  a  temperature  of  22°,  it  is  evident  that  the  temperature  of 
the  ammonia  in  the  expansion  coils  must  be  lower  in  order 
that  the  brine  may  give  up  its  heat  to  the  ammonia.  Allow- 
ing a  drop  of  10°,  the  temperature  in  the  expansion  coils  is 
12°  and  the  corresponding  suction  pressure  is  about  25  pounds 
per  square  inch,  gauge.  It  was  shown  in  Art.  1375  that 
the  capacity  and  economy  of  a  machine  depend  very  largely 
on  the  suction  pressure;  hence,  since  with  the  brine  system 
the  suction  pressure  is  necessarily  lower  than  with  the 
direct -expansion  system,  it  follows  that  the  latter  system  is 
the  more  economical,  other  things  being  equal. 

The  brine  system  is  generally  preferred  for  small  installa- 
tions and  the  refrigeration  of  cold-storage  boxes  in  markets, 
hotels,  etc.,  where  the  large  number  of  boxes  would  require 
too  close  attention  with  direct  expansion.  For  large  instal- 
lations, the  superior  economy  of  the  direct-expansion  system 
is  a  strong  point  in  its  favor. 


THE    DIRECT-EXPANSION   SYSTEM. 

1435*  The  pipe  used  in  direct-expansion  coils  varies 
from  1  inch  to  2  inches  in  diameter.  The  coils  are  prefer- 
ably made  of  continuously  welded,  extra  heavy  pipe,  but  this 
is  not  possible  in  the  case  of  2-inch  pipe  coils  when  made 
up  with  steel  return  bends  and  soldered  joints.  The  length 
of  coils  used  depends  entirely  upon  the  builder,  as  there  are 
no  regular  rules  or  formulas  for  this  work.  About  400  feet 
for  1-inch  and  1^-inch  pipe  and  GOO  feet  for  IJ-inch  and 
2-inch  pipe  is  a  maximum.  Rules  for  piping  for  direct  expan- 
sion are  entirely  empirical.  The  following  is  the  average 
practice : 

High-temperature  work,  such  as  brewery  refrigeration, 
packing-house  work,  and  all  work  above  32°  F.,  1  lineal  foot 
of  l^inch  pipe  to  every  16  cubic  feet  of  space.  For  freezing 
rooms  to  be  held  at  a  temperature  of  15°  F.  or  under,  1  foot 
of  IJ-inch  direct-expansion  pipe  for  6  cubic  feet  of  space. 
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Pipes  of  larger  diameter  will  carry  more  space  in  proportioal 
to  their  diameter.     The  quantity  of  piping;  thus  specified  ifti 
based  upon  a  back  pressure  of  15  pounds  per  square  inch, 
gauge,  which  is  equivalent  to  a  temperature  of  0"  F.     If  the 
back  pressure  is  30   pounds,  double   the   quantity  of   pipe 
should  be  used,  and  if  as  low  as  atmospheric  pressure,  one- 
half  the  quantity  is  all  that  is  necessary.     Flat  metal  disks  J 
are  at  times  attached  to  direct-expansion  coils  for  the  pur- 
pose of  increasing  the  radiating  surface.     Opinions  differ  a 
to   the  efficiency  of  these  disks.      Details  of  the  piping  o£l 
cold-storage  warehouses,  breweries,  etc.,  will  be  given  in  nl 
subsequent  section. 

All  coils  should  be  provided  at  the  inlet  with  expansion- 
valves,  that  is,  valves  for   regulating  the  amount  of  anhy>1 
drous  ammonia  entering  the  coil,  sometimes  known  as_/>A 
valves.      The  outlet  valves  are  the  full  size  of  the  coil  an< 
act  as  stop-valves  for  shutting  it  off. 

The  feed  and  return  lines  should  have  the  following  sizes^ 


Capacity. 

M 

in  Feed  Line, 

Main  Return  Line. 

5  tons. 

i  inch- 

li^  inches. 

10     " 

i     " 

U     " 

25      " 

i     " 

2        ■' 

40     " 

i     " 

ai    " 

■10     '■ 

1 

U     " 

3        ■' 
4 

The  above  table  is  for  the  maximum  tonnage  that  can  1 
secured  with  any  given  size  i)f  pipe,  the  velocity  of  the  { 
being  80  feet  per  second.      In  case  of   return  lines  of  aO]|j 
great  length,  say  over  100  feet,  a  pipe  one  size  larger  shoulffl 
be    used.      All    direct-expansion    coils    should    be    providM 
with  drip  pans  for  catching  the  melted  frost. 

THE    BRINE   SYSTEM. 

VARIETIF.R   AXI>   PHOI'RRTIES  OF  BRINE. 

1436.     Salt  Brine— There  are   two   salts  commonljj 
used  for  making  the  brine  used  in  brine  circulation, 
first  is  Liverpool  salt  (chloride  of  sodium),  which  forir 
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ordinary  brine  capable  of  withstanding  a  temperature  of 
about  0°  F.  This  salt  is  cheap  in  first  cost,  but  has  a  corrosive 
action  on  iron. 

The  following  table  gives  the  percentage  by  weight  of  the 
salt  in  a  brine  solution  of  a  given  hydrometer  reading,  and 
the  freezing  point  of  that  solution; 
TABLB   28. 


PROPBRTIBB  OP  SALT  BRINE. 
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Care  should  always  be  exercised  in  selecting  a  good  salt 
for  making  brine.  Ordinary  desert  salt  will  not  answer  for 
this  purpose,  as  it  will  not  give  a  strong  enough  solution  on 
account  of  being  impure.  Such  salt  always  gives  trouble 
by  having  ice  form  on  the  expansion  coils,  and  in  case  of  ice- 
making,  by  freezing  the  cans  fast  to  the  coils. 

1437.  Chloride  of  Calcium  Brine. — The  other  salt 
used  for  making  brine  is  the  chloride  of  calcium.  It  has 
all  the  most  essential  properties  which  ordinary  salt  lacks. 
It  has  no  corrosive  action  on  iron,  which  makes  it  unneces- 
sary to  have  the  brine-pump  lined  with  brass.  It  has,  in  fact, 
an  oily  nature,  and  for  that  reason  has  a  strong  tendency 
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to  leak  if  the  piping  is  in  any  way  imperfect;  care  should 
therefore  be  exercised  in  the  jwpework  of  a  chloride  of  cal- 
cium brine  circulation.  It  is  possible  to  obtain  much  lower 
temperatures  by  the  use  of  chloride  of  calcium  than  com- 
m-in  sj         Hue.  —50"  F.  being  the  limit. 

The  loliowing  table  gives  the  properties  of  chloride  of  cat- 
cium  brine: 
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The  cost  of  chloride  of  calcium  is  about  double  that  of 
salt.  The  quality  is  extremely  variable;  insist  upon  having 
fused  chloride  of  calcium.  The  salt  is  excessively  deli- 
quescent, that  is,  it  is  capable  of  absorbing  a  large  quantity 
of  water;  for  this  reason,  it  is  often  used  as  a  drier.  This 
great  avidity  of  calcium  chloride  for  water  renders  adulter- 
ation by  the  absorption  of  water  very  easy.  Even  the  fused 
salt  contains  as  much  as  20  per  cent,  of  water,  whereas  the 
unfused  salt,  though  still  in  solid  form,  contains  upwards  of 
50  per  cent,  of  water.  Care  should  therefore  be  used  in 
selecting  the  salt. 

When  it  is  desired  to  purchase  chloride  of  calcium,  request 
samples.  Dissolve  a  certain  weight  of  each  sample  of  the 
salt  in  the  same  quantity  of  water;  take  a  hydrometer  read- 
ing of  each  one  of  the  samples  after  the  salt  is  thoroughly 
dissolved;  the 'one  giving  the  highest  reading  is  the  best 
sample. 

MAKING   brine:. 

1438*  When  a  plant  is  first  charged  with  brine,  the 
brine-pump  delivery  should  be  brought  over  the  top  of  the 
brine  tank,  even  though  a  temporary  connection  has  to  be 
made,  and  allowed  to  enter  a  crib.  This  crib  should  be  about 
2  ft.  by  4  ft.,  and  be  hung  from  two  stringers  laid  across 
the  top  of  the  tank.  The  bottom  of  the  crib  should  be 
formed  of  slats  and  a  piece  of  burlaps  or  bagging  laid  over 
them.  The  brine-pump  is  then  slowly  started,  delivering  a 
stream  of  brine  into  the  crib.  Into  this  crib,  bags  of  salt  are 
then  dumped.  In  case  chloride  of  calcium  is  used,  the  iron 
drums  in  which  it  comes  should  be  cracked  open  by  means 
of  a  sledge-hammer.  It  is  best  not  to  remove  the  iron  until 
after  the  calcium  is  broken,  the  iron  casing  preventing 
pieces  of  the  calcium  from  flying  about.  By  keeping  the 
pump  running  slowly,  the  salt  in  the  crib  will  gradually  dis- 
solve. Samples  of  the  brine  should  be  drawn  out  occasion- 
ally and  tested  with  a  hydrometer  until  the  required  gravity 
is  reached,  when  the  addition  of  salt  or  chloride  of  calcium 
should  be  discontinued.    The  crib  can  then  be  removed  and 


OA.  The  Aafe  «f  dK  hrsc  taafc  »  pntfcnblj  net- 
riK.  aarf  di^  oAcr  tfeaa  wiAt-  "■Ki  w  m  beadnwot 
M  Ic lA  ah*^  Eke  ta^  far  npl^i iii^  tk  exiiansMa 
•  Dvpck  >*  f^m  '-  tbc  taak  •ao  thai  tbc  brute  will 
r  tJL  c^'^.saiti'  u*  *jll™g  as  it  becomes  colder,  on 
■  .--.  i  :tr  grtaitT  denshr.  This  anangieincnt  permits 
viTTz.  jc-.r.-t  iT'^m  tbc  circolatioD  to  eater  the  tank  near 
'.  1.  urA  ihe  pump  suction  to  take  it  out  near  the  bot- 
.  v:.*:Tt:  the  brine  is  the  coldest.  Tbe  tank  should  also 
.r'/v;'i*:d  wiih  a  drain  on  the  bottom  for  emptying  it. 

:<ijni[< -u'Ti-m  >h'nild  be  several  inches  above  the  b<ii- 
.  V)  that  any  diri,  ^diraent,  etc.,  may  be  able  to  settle 
Ik-  Iffti-'m  of  th>.-  tank  without  entering  the  suction-pipe. 
,  iils-i  wcli  I'l  provide  the  suction  with  a  strainer  having 
iiiovalilu  screen  tliat  can  be  drawn  up  through  the  top 
I)''  i;ink.  'leaned,  and  replaced.  Tanks  U  feet  deep  should 
Hiili  I'f  |',-tiHh  ircin,  riveted  with  f-inch  rivets,  1^  inches 

IT  lo  1  i-nii-r.  Tlirre  should  be  a  '.V  X  3'  angle-iron  rim 
nil]  till-  l.'p,  aiid  one  girth  brace  consisting  of  two  a'  X  3' 
Ic-iioiiN  with  a  i'  X  fi'  plate  riveted  in  between.  This 
•I-  Hhoiilil  111-  plated  ;ti)  inches  from  the  bottom.  The 
(  Mhoiilil  lio  braced  across  the  top  every  6  feet.     In  case 
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the  tank  is  8  feet  deep,  it  should  be  constructed  of  ^-inch 
iron,  and  it  should  be  provided  with  two  girth  braces  of 
3^X  3'  angle-iron  with  Y  X  G''  plate.  Brine  tanks  of  the 
depths  above  specified  should  be  provided  with  good  foun- 
dations, as  their  weight  when  full  exceeds  the  safe  limit  of 
the  average  warehouse  floor.  Preferably  they  should  stand 
on  brick  or  stone  piers,  carried  up  from  hard-pan  and  cov- 
ered with  2-inch  planks.  On  these  planks  lay  3'  X  10' 
joists,  12  inches  center  to  center,  well  bridged,  and  fill  the 
space  between  the  joists  with  ground  cork,  or  if  that  is  too 
expensive,  planing-mill  shavings  packed  in  tightly.  Lay  a 
J^-inch  pine  floor  over  the  cork,  then  two  layers  of  good 
water-proof  paper,  over  which  lay  a  IJ^-inch  floor.  The 
tank  is  then  set  on  this  floor  and  hot  pitch  is  run  in  under 
it.  The  description  of  side-wall  insulation  is  given  in  a 
subsequent  section. 

BXPAN»10N   COILS. 

1440*  The  shape  of  the  brine  tank  governs  the  style 
of  expansion  coils  to  be  used.  In  case  of  a  round  brine 
tank,  it  is  necessary  to  use  helical  coils,  one  nested  within 
the  other.  Such  coils  are  unsatisfactory,  as  the  inside  coil 
is  much  shorter  than  the  outside  one,  which  makes  it  nec- 
essary to  regulate  the  feed  of  each  coil  by  itself,  so  as  to 
properly  distribute  the  ammonia  between  them.  It  is  also 
difficult  to  clean  these  coils  and  repair  them  in  case  of 
leaks. 

The  simplest  and  most  effective  expansion  coil  is  the 
flat  return-bend  coil.  It  is  inexpensive  to  build,  easily 
handled  and  shipped,  and  should  be  made  of  continuously 
welded  pipe,  with  no  joints  in  the  tank.  The  tails  of  these 
coils  should  project  through  the  side  or  top  of  the  brine 
tank  and  should  be  fitted  with  expansion  and  stop  valves 
and  headers,  as  shown  in  Fig.  337. 

The  size  of  the  main  feed  line  supplying  the  flow  header 
and  that  of  the  return  or  suction  line  from  the  return 
header  should  be  the  same  as  given  in  Art.  1435  for 
direct-expansion  feeds  and  returns.     The  individual  feed  for 
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eath  ci.nl  should  be  {  iiith.     This  is  a  convenient  size.  a-, 
does  nut  readily  clog  and  is  sufficiently  small  for  fine  adju; 


ment ;    1-inch   pipe    is    a    very   satisfaciury   size   Vi  use  for 
expansion  coils,  though  larger  sizes  are  often  used. 

To  get  economioal  results,  coils  of  this  size  pipe  should 
n<it  esceed  150  feet  in  length.  Fifty  square  feel  j«r  ton 
of  refrigerating  capacity  and  Hll  square  feet  per  Inn  of  iie- 
making  capacity  should  be  allowed.  In  other  words,  <"ne  coil 
of  ]-inch  pipe  lafl  feet  long  will  give  t  ton  of  refrigerating 
effect. 


1441.  There  are  three  methods  of  supplying  the  expan- 
sion  coils  with  anhydrous  ammonia.      They  are: 

1.  The  boltoiii  fetJ,  in  which  the  liquid  ammonia  is 
admitted  at  the  bottom  of  the  coil  and  the  suction  is  taken 
from  the  top.  By  this  method,  it  is  necessary  to  very 
nearly  fill  the  coil  with  anhydrous  ammonia,  in  order  to  get 
the  benefit  of  all  the  pipe.  Furthermore,  the  liberating 
area  is  equal  to  only  the  cross-sectional  area  of  the  pipe, 
so  that  the  ammonia  can  not  evaporate  very  rapidly. 
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The  top  feed,  in  which  the  liquid  ammonia  enters  the 
tup  of  the  cuil  and  the  gas  is  taken  from  the  bottom.  This 
method  does  away  with  two  of  the  important  defects  in  the 
former  method.  A  slight  feed  at  the  top  of  the  coil  allows  a 
stream,  of  liquid  ammonia  to  gradually  work  down  through 
the  coil  and  evaporate  along  the  full  length  of  the  coji. 
This  gives  a  long  evaporating  area,  and  the  benefit  of  the 
full  length  of  the  coil  is  obtained;  further,  the  coldest  ammo- 
nia is  delivered  at  the  top  of  the  tank  where  it  is  most 
needed.  The  principal  objection  to  this  method  is  that 
there  is  a  liability  of  overfeeding,  which  permits  some  of 
the  liquid  anhydrous  ammonia  to  pass  down  into  the 
return,  and  so  to  the  compressor  or  absorber,  without  hav- 
ing evaporated. 

The  arrangement  for  the  bottom-feed  system  is  shown  in 
Fig.  337  {it)  and  that  for  the  top-feed  system  in  Fig.  337  {b). 
In  each  (iguie  a  represents  the  feed-pipe,  b  the  return 
pipe,  c  the  flow  header,  and  rf  the  return  header. 

3.  7i>/  feed  and  buttom  expausion,  which  is  a  combina- 
tion of  the  two  preceding  methods,  retains  the  good  points 
of  both.  In  this  method,  one  coil  is  provided  with  a  feed 
valve  at  the  top,  and  the  anhydrous  ammonia  is  allowed 
to  work  through,  as  in  case  of  the  top-feed  system;  but 
instead  of  having  the  bottom  tail  of  this  coil  connected 
with  the  return,  this  tail  is  connected  with  the  bottom 
tail  of  the  adjoining  coil.  Any  liquid  that  is  overfed  in 
the  first  coil  passes  into  the  second,  and  there  it  is  com- 
pletely evaporated  and  passes  out  at  the  top  into  the 
return  suction  line.  This  last  method,  though  more  expen- 
sive than  cither  of  the  others,  gives  very  satisfactory 
results. 


THt:  BRINB-PUMP. 

1442<     If   chloride  of   sodium   (common  salt)  brine  is 

used,  the  brine-pump  should  be  bronze-lined   throughout; 

V  that  is,  it  should  have  a  brass  cylinder,  rods  and  glands  on 

^btuffing -boxes.     This   bronze   lining  is   not  necessary  with 


834  PRINCIPLES  OF  REFRIGERATION. 

chloride  of  calcium  brine,  iron  working  parts  being  per- 
fectly admissible.  Tapper's  square  flax  packing  is  a  good 
packing  to  use  with  chloride  of  calcium  brine.  Any  ordi- 
nary soft  packing  will  answer  for  salt  brine. 

The  size  of  the  brine-pump  depends  upon  the  quantity  of 
brine  circulated  per  minute  and  upon  the  range  of  tempera- 
ture between  the  warm  brine  entering  the  expansion  tank 
and  the  cold  brine  leaving  it.  A  very  good  rule  of  thumb 
for  capacity,  in  case  of  brine  circulation,  is  as  follows: 
Twenty- five  gallons  of  brine  cooled  one  degree  in  one  minute 
is  equivalent  to  one  ton  of  refrigerating  effect  per  twenty- 
four  hours;  hence  5  gallons  of  brine  cooled  five  degrees  or 
six  gallons  cooled  four  and  one-sixth  degrees  are  approxi- 
mately equal  to  that  tonnage. 

If,  therefore,  it  is  desired  to  select  a  brine-pump  for  a 
10-ton  plant,  and  the  range  of  temperature  between  the 
brine  at  the  inlet  and  that  at  the  outlet  is  5°,  a  brine-pump 
of  50  gallons  capacity  should  be  selected.  The  maximum 
piston  speed  at  which  brine-pumps  should  run  is  ()0  feet  per 
minute;  40  feet  per  minute  is  better,  and  is  a  fair  average. 
The  pressure  aj>;ainst  which  a  brine-pump  usually  has  to 
Work  is  eoiiiparalively  low,  and  the  ordinary  low  service  or 
tank  pumj)  is  tlie  type  usually  used.  Both  single  and  duplex 
pumps  are  used,  the  latter  class  predominating. 


BRINK   MAINS. 

1443.  In  running  brine  mains,  it  is  important  to  have 
the  lines  as  straight  as  possible  and  to  avoid  risers  and  down- 
takes.  Where  these  are  unavoidable  and  form  a  loop,  it  is 
best  to  [)rovide  the  highest  i)oint  of  the  riser  with  an  air- 
cock  for  bleeding  it.  This  is  particularly  important  in  ease 
of  the  secondary  mains,  where  an  air  trap  will  cause  the 
brine  to  How  through  tiie  other  secondary  mains  at  the 
exjiense  of  the  one  having  the  air  trap.  This  gives  rise  to 
the  supposition  that  the  coils  or  main  are  blocked  and  that 
the  circulation  is  prevented  on  that  account.     Water  fittings 
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l^of  long  radius  or  sweep  are  preferable  for  use  in  extended 
]  brine  circiilaiiniis;  such  fittings  are  conskleralily  moreexpen- 
2  than  the  ordinary  steam  fittings,  hut  are  much  belter 
account  of  the  decreased  friction.  Unions  used  on  brine 
lirork  should  in  all  cases  be  Ranged  unions  or  those  having 
l^round  joints.  A  -j^g-inch  a-ply  rubber  gasket  Is  al!  that  is 
l  necessary  for  the  flange  unions. 

1444.  In  laying  out  a  brine  circulation,  it  is  very 
important  to  distribute  the  flow  of  brine  in  such  a  way  that 
the  quantity  sent  to  each  portion  of  the  house  should  return 
from  all  those  parts  al  nearly  the  same  return  tempera- 
ture. It  is  first  necessary  to  estimate  the  tonnage  required 
to  coo!  each  section;  from  this  the  quantity  of  brine  is  esti- 
mated. Knowing  the  quantity  of  brine,  the  next  step  is  to 
ascertain  the  sizes  of  the  various  mains  needed  to  conduct  this 
quantity  of  brine  with  a  friction  head  •  of  say  10  pounds  per 
square  inch.  The  method  of  calculating  the  tonnage  will  be 
.given  in  a  subsequent  section  under  the  different  heads  of 
cold-storage  refrigeration,  breweries,  packing  houses,  etc 
^he  second  step,  namely,  that  of  estimating  the  quantity  of 
brine  required,  is  based  upon  the  rule  of  thumb  given  in 
Art.  1442>  The  initial  and  terminal  temperatures  hav- 
ing been  decided  on,  25  divided  by  their  difference  gives 
the  quantity  of  brine  required  per  ton  of  refrigerating  effect. 
This  multiplied  by  the  tonnage  of  any  given  section  to  be 
icooled  gives  the  quantity  of  brine  required  to  refrigerate 
tthat  space. 


"When  a  liquid  flows  through  a  hori/iintal  pipe  with  a  uniform  ve- 
locity, there  ts  a  loss  of  pressure  due  to  the  frictioa  between  the  liquid 
and  the  pipe;  thus,  if  the  pressure  of  the  liquid  as  it  enters  th,e  [lipe 
is  40  pounds  per  sq.  in.,  it  may  be  only  SOpounds  on  leaving  the  pipe, 
the  loss  being  10  pounds  per  sq.  in.  A  pressure  in  pounds  per  square 
inch  may  be  chanced  to  a  head  o(  water  as  follows;  A  cubic  toot  of 
water  weighs  62.43  pounds ;  therefore,  a  column  of  water  one  foot  high 
with  one  square  inch  cross-section  weighs  63.43  -t- 144  =  .4S  +  pound.  It 
follows  that  a  culumn  of  water  produces  at  its  base  a  pressure  of  ,4.1 
pound  per  sq.  in,  for  each  foot  of  height.  The  head  of  water  corre- 
.  «>on<^iQ£to  the  loss  of  pressure  when  water  or  other  liquid  flows 
Llarough  a  pipe  is  called  the  frictloa  bead.  A  friction  head  of 
•ly  BO  feet  corresponds  to  a  loss  of  pressure  of  20  x  .43  =  8.6  pounds 
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This  process  may  be  expressed  by  the  following  formulai 

r;=;";.   (.24.) 

in  wliicli 

G  =  gallons  of  brine  req 
/"—  tonnage  of  sectiuii  I 
t,  =  lemperaliire  of  lirin 
/,  =  temoeralnre  of  hrin 

ircd  per  minute; 
1  be  cooled; 

E  inlet : 
s  ontlet. 

144S.     Thcdelerm 
sary  to  carry  a  given          n\ 
formula  for  the  flow  m  ival 
This  formula  is  praclii       ^ 
In  case  there  are  very  ma 
deduct  10;<  from  the  resw 

le  size  of  the  pipe  neces- 
rine  is  based  on  D'Arcys 
gh  clean  cast-iri>n  pipes, 
for  wroiight-iron  pipes- 
in  the  work,  it  is  best  to 
jy  the  formula. 

Let  Q  =  gallons  of  bni 
h  —  head  in  feet  re 
/  =  length  of  pipe 

d  per  minute; 
overcome  friction ; 

Then,  for  1-inch  pipe,    (?  =  98.5(. 


(12S-) 


The  formula  as  given  applies  only  to  1-inch  pipe.  If  it 
is  desired  to  ascertain  the  quantity  of  brine  that  will  flow 
through  pipes  of  other  diameters,  it  is  necessary  to  multiply 
the  amount  that  a  1-inch  pipe  will  deliver  by  the  factor  in  the 
following  conversion  table  opposite  the  given  diameter: 
Diameter.  Factor. 

I  inch 1.00 

U  inches 1.84 


.  6.63 
.  10.23 
.  19.10 
.  W.50 
.  72.00 
.115.00 


If  we  denote  by  C  the  actual  quantity  of  brine  used  per 
nute  and  by  Q  the  quantity  delivered  per  minute  by  a 
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l-inch  pipe,  then  the  factor  required  will  be  given  by  the 
quotient  pi.  The  size  of  pipe  required  can  then  be  deter- 
mined from  the  value  found  for  the  factor, 

ExAHPi.e. — Two  houses  are  supplied  with  refrigeration  from  a  cen- 
tral station.  The  quantity  supplied  to  house  A  is  equivalent  lo  the 
melting  of  12  tuns  of  ice.  or,  in  ordinary  language,  A  requires  \'i  tons 
i)f  refrigeration ;  house  S  requires  14  tons.  The  range  of  temperature 
is  6".  the  friction  head  from  the  Blalion  to  ,-i  must  not  eit'Ced  IS  feet,  and 
that  from  A  to  B  must  not  exceed  12  feet.  The  distance  of  house  A 
from  Ihe  station  is  l.W  feet  and  ff  is  3(10  feet  beyond  A.  What  size  of 
pipe  is  required  from  the  central  station  to  A.  and  what  siie  from 
,-(  to  fl? 

Solution. — According  to  formula  124,  the  quantity  of  brine  that 
=  60  gallons,  and  for 

house  /i.  C  =  -  -i —  =  "0  gallons.  Since  the  pipe  to  A  must  carry 
the  brine  for  bothvl  and  /i.  it  must  carry  130  gallons  per  minute.  To 
find  the  quantities  delivered   per  minute   by  a   1-inch   pipe  under  the 

given  conditions,  we  use  formula  I  25.     For  house  A.  Q  -  28.3  i/ ^  = 

38.0  |,  ■  _1^  =  a  gallons,  nearly.     For   /I.  Q  ^  IJa.5  f  ^,  =  '   gallons, 

nearly.  For  house  A  the  factor  is  tj  —  -jt-  =  W.44.  The  neiit  higher 
factor  given  in  the  table  is  19.1;  hence  a  3-inch  pipe  will  be  used. 
For  S.^='~  =  10,  which  calls  for  a  aj-inch  pipe  between  A  and  Jl. 


BUISE  COILS. 

1446.  The  majority  of  brine  coils  are  constructed  of 
1^-inch  pipe.  The  pipes  are  run  in  return-bend  flat  coils 
and  hung  on  either  walls  or  ceiling.  The  coils  are  built  of 
common  black  steam  or  water  pipe,  and  are  provided  with 
either  fast  or  wrought  iron  return  bends  at  the  ends  of  the 
runs.  Wrought-iron  return  bends  are  preferable,  as  there 
is  less  danger  <»f  leaks,  due  to  sand  holes,  etc.  Cast-iron 
couplings  are  used  on  well-built  brine  circulations,  as  pipe 
can  be  made  up  much  tighter  into  these  couplings  without 
stretching  them  than  in  case  of  the  wrought-iron  couplings. 


irtJCS  OF  REFIU>:^itATI03i: 
^t^UMrtfiye  *■■»  be  J 


li 


>  aC  air 
fcei»«fc*  Uk  tifB»  aai   present   ibeJr 
;  •»(m1   OBfK      rt 
J  wm  be  icxa  tbat  acrfe  <«K   F^    3»t, 
I  p*c»  a  oHHidkfaUc  marv  nnfacc  prr 
I  foac  wl  pipe  tkan  Aj-le  (^>.  when 
rwas  aft  tamtm  iMgetbrr. 
~  pTOTMled  al  inlet  and 

ovUet  vitli  bu     y  sleant-oocks.     Gate- 
Talr^  are  noK  atlrisable.  as  the  Sov  can 
be  better  regvlalcd  br  a  cock,  and  one 
can  tell  at  a  glance  exactly  bow  much  tbc 
COC&  is  open.      Flange  unions  should  be 
provided  at  both  ends  of  the  coil,  just  in- 
side fif  tbc  oxrks,  so  that  the  coil  can  be 
*"    Pia.^    "'       readily  disoiunected  in  case  of  oecessitr. 
The  inlet  is  usually  connected  at  the  bottom  of  the  cui] 
uotl  the  ■•nilrt  at  ibc  I'lp,      A  pel  Of  air  cock  should  be  placed 
in  the  coil  near  the  outlet  cock  for  drawing  off  any  air  that 
may  accumulate.      In   case   side-wall  coils  are  used,  they 
should  l>e  hung  on  furring  strips  at  least  6  inches  deep,  so 
as  to  keep  the  cuil  that  distance  from  the  wall.     This  will 
insure  a  g'wxl  circulation  of  air  and  prevent  the  frost  from 
reaching  the  wall.     These  furring  strips  should  be  3'  x  6' 
and  be  [)laced  about  8  feet  center  to  center.     A  drip  pan  or 
trough   should   bft  hung  under  the  coil  to  catch  the  drip 
coming  from  the  melted  snow  when  the  coil  is  turned  off. 
It  is  Ik  ,<l  t"  have  tubs  at  the  ends  of  these  troughs,  as  drain- 
pipes an-  liable  lo  freeze  up  and  cause  trouble.    Coils  are  usu- 
ally run  in  lengths  i>(  about  3liO  feet  of  IJ-inch  pipe.      Such 
a  roil  will  absorb  in  twenty-four  hours  a  quantity  of  heat 
eipiivalcnt  to  the  melting  of  about  J  ton  of  ice.     With  a  range 
of  4"  between  the  inlet  and  outlet  of  the  coil,  about  3  gallons 
i>f  brine  a  minute  will  be  required  to  give  this  capacity.     To 
secure  this  flow,  the  friction  head  need  not  exceed  2  feet. 

1447.     TcBtlns. — When  the  brine  circulation  is  com- 
stfd,    it   should   be   subjected   to   a   thorough   test   with 


I 


PRINCIPLES  OF  REFRIGERATION.  S;ii) 

hydraulic  pressure  equal  to  about  double  the  running  pres- 
sure of  the  brine.  Leaks  should  be  carefully  repaired. 
When  chloride  of  oiilcium  brine  is  used,  it  is  especially  im- 
portant to  have  a  tight  job  of  pipe  fitting,  as  calcium  brine 
never  rusts  up  a  leak.  After  tbe  work  has  been  c(tmpleted, 
but  before  it  has  been  accepted,  the  circulation  should  be 
subjected  Ui  a  '"frost  test,"  as  it  is  called.  The  brine  is 
refrigerated  as  in  regular  service,  and  the  brine  pipes  in 
the  circulation  including  the  mains  are  allowed  to  frost  over. 
If  there  are  any  leaks,  they  will  become  apparent,  as  the 
leaky  points  will  not  frost  and  can  be  readily  detected.  It 
is  best  to  leave  off  the  insulation  of  the  mains  until  a  frost 
test  has  been  applied,  so  that  there  is  no  chance  fnr  leakage 
and  the  consequent  ruin  of  insulation. 

COOLIKG    THE    BHINE. 

1448.  Ordinarily  the  brine  is  cooled  in  a  brine  tank 
containing  expansion  coils.  This  consists  essentially  of 
either  a  round  or  rectangular  tank  in  which  is  placed  one 
or  more  coils  of  pipe.  The  tank  contains  the  brine  solu- 
tion, and  the  pipe  coils  the  liquefied  anhydrous  ammonia, 
which  expands  in  these  coils  and  abstracts  the  heat  from 
the  brine.  Two  improvements  on  this  system  are  known  as 
the  Hendrick  brinr-coolir  system  and  the  British  Limtr 
circulating  system. 

449.  Hendrick  Brine  Cooler.  —  The  purpose  of 
the  brine  cooler  is  to  give  a  more  efficient  means  of  cooling 
brine  than  that  of  the  ordinary  brine  tank.  It  consists  of  a 
cylindrical  shell  set  on  end  and  supplied  with  helical  pipe 
continuously  welded  throughout  their  length.  The 
tails  of  the  coils  pass  through  the  top  and  bottom  heads  of 
the  shell,  and  the  ends  of  these  tails  are  connected  into  a 
manifold  or  header.  The  shell  is  sufficiently  strong  to  with- 
stand a  working  pressure  due  to  the  back  pressure  of  the 
machine.  In  eifect  the  brine  cooler  is  the  reverse  of  the 
brine  tank,  the  ammonia  being  on  the  outside  and  the  brine 
inside  of  the  coils.  •  In  this  arrangement,  the  brine  is  pumped 
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continuously  through  the  coils,  Ihus  creating  a  very  rapid 
lirculaiiiin  in  iheni  and  giving  a  much  higher  efficiency  KK 
the  surface  iliaii  that  in  the  brine  tank,  whi-re  the  coils  an 
submerged  in  a  sluggish  liquid,  and  the  circulatitm  depends 
Upon  the  difference  in  the  density  of  the  brine  a«  it  bcconiB 
cold.  Furthermore,  the  expansion  of  the  ammonia  in  Ihi 
shell  insures  the  highest  back  pressure  possible  for  an| 
given  temperature,  and  there  is  no  chance  of  any  throttling 
actiim  in  the  coils,  as  in  cas^  of  the  expansion  tank. 
is  a  very  important  factor,  especially  in  the  case  of 
pression  machines,  where  the  higher  the  back  pressure  th 
greater  the  efficiency  of  the  machine. 

Care  is  taken  in  designing  colls  for  brine  coolers  of  thiai 
type,  so  that  the  pressure  required  to  overcome  fri 
does  not  exceed  ten  pounds  per  square  inch.  Owing  to  thfr 
rapid  circulation  of  both  the  ammonia,  which  boils  around 
the  coils,  and  the  brine  inside,  it  is  possible  to  get  S 
let  brine  temperature  within  3°  of  the  ammonia  tempera- 
ture. This  insures  a  brine  temperature  nearly  a; 
the  temperature  of  tlie  ammonia  itself,  and  brings  up  the  effi- 
ciency of  the  brine  system  practically  to  that  of  the  directs 
expansicm  system. 

The  principal  objection  to  the  cooler  is  the  friction  in  th^ 
coils,  but  this  can  be  reduced  to  a  minimum  by  proper 
design. 

The  circulation  is  similar  to  that  of  an  ordinary  brine 
circulation,  hut  the  connections  are  as  follows:  A  brine^ 
storage  tank  of  any  required  capacity  is  used  ;  the  brine-' 
pump  takes  the  brine  from  this  tank,  and  delivers  it  to 
the  brine  cooler.  The  cold  brine  leaves  the  bottom  of 
the  brine  cooler  and  passes  to  the  circulation  coils,  and 
the  warm  brine  returns  from  the  coils  to  the  brine-storage^ 
tank. 


L  retu 


1450.  The  Britlsb  Llndv  System.— The  BrilisM' 
Luidc  air-circulaliHg  systfm  consists  of  a  series  of  flat 
return-bend  direct-expansion  coils.  Brine  is  taken  from  a' 
catch  pan  under  these  coils  and  is  pumped  over  them.    The 
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air  to  be  cooled  is  forced  by  means  of  a  blower  through 
these  coils  and  leaves  any  moisture,  together  with  any 
impurities,  that  it  may  contain  in  the  brine.  The  arrange- 
ment is,  in  fact,  the  reverse  of  the  atmospheric  condenser, 
the  air  being  cooled  instead  of  heated,  and  brine  taking  the 
place  of  water.  It  is  claimed  for  this  system  that  it  not  only 
gives  very  dry  air,  but  also  that  the  brine  absorbs  any 
odors  that  air  may  be  infected  with.  The  air  leaves  the 
coils  entirely  free  from  any  impurities — in  fact  so  much  so 
that  eggs  and  lemons  can  be  stored  on  the  same  system  of 
air  circulation.  The  principalobjeciions  to  this  system  are 
the  rapid  corrosion  of  the  pipes  and  the  necessity  of  con- 
tinually strengthening  the  brine  charge.  This  is  necessary, 
since  the  moisture  that  is  abstracted  from  the  atmosphere 
weakens  the  brine,  and  an  addition  of  salt  is  necessary  to 
keep  it  from  freezing  on  the  coils.  The  operation  of  this 
system  is  about  as  expensive  as  that  of  the  ordinary  brine- 
tank  circulation. 


TESTS  OF  refrh;ekati.\g-machi\es. 


GENERAL  REMARKS. 
1461.  The  primary  object  of  a  test  of  a  refrigerating- 
machine  is  the  determination  of  its  efficiency — that  is,  the 
ratio  of  the  refrigerating  or  ice-melting  capacity  to  the  fuel 
consumed.  The  test  iiivolves,  therefore,  the  accurate  deter- 
mination of  three  principal  data:  (1)  The  capacity  of  the 
machine.  (2)  The  heat  given  up  to  the  condensing  water. 
,(3)  The  power  consumed  by  the  machine. 

1452>     An  exact  determination  of  the  ice-melting  ca- 
pacity can  iioi   be   made  unless  the   machine   is   made  to 
cool  a  liquid  during  the  test.     This  restriction  presents  no 
difHcuity  in  the  case  of  machines  working  with  the  brine 
Lcjrstem,  since  the  cooling  of  the  brine  is  actually  the  work 
Birhich  the  machine  does.     In  direct-expansion  machines,  the 
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capacity  iniisl  be  calculated  from  the  weight  and  tempera- 
lure  of  the  ammonia  rirciilated,  though  such  a  cieterminatinn 
can  not  be  considered  accurate. 

The  heat  given  up  to  the  condenser  can  readily  l>e  deter- 
mined by  weighing  the  condensing  water  and  observing  the 
temperatures  at  the  inlet  and  outlet.  For  testing  piirpows. 
the  condenser  should  be  of  the  submerged  type. 

The  work  of  compression  may  be  determined  by  taking 
indicator-diagrams  from  the  ammonia  cylinder.  Since. 
however,  the  work  thus  obtained  would  not  include  lite 
work  spent  in  overcoming  the  friction  of  the  machine,  it  is 
not  customary  to  base  the  consumption  on  the  work  "f 
compression.  In  most  compression  machines,  the  engine 
and  compressor  are  coupled  together.  The  work  shown  by 
indicator-diagrams  taken  from  the  steam  cylinder  will 
include  the  work  of  compression  and  the  friction  both  of 
compressor  and  engine.  To  determine  the  actual  consump- 
tion of  work  by  the  refrigerating-machine,  the  work  of  the 
engine  running  empty  may  be  determined  by  mean; 
the  indicator,  and  this  subtracted  from  the  total  work  of 
the  steam  cylinders  will  give  the  net  work  delivereil  li> 
machine. 

In  the  case  of  absorption  machines,  the  steam  fed  to  the 
generator  is  measured,  and  furnishes  a  basis  for  comparison. 


1453.     Heal  Balance. — The  accuracy  of  the  results 
of  any  test  of  a   refrigerating-machine  may  be  checked   by 

forming  a  balance  between  the  heat  received  and  given  up 
by  the  machine.  It  is  clear  that,  on  the  whole,  the  heat 
received,  including  the  heat  equivalent  of  the  work  i 
sumed,  must  be  exactly  equal  to  the  heat  rejected.  In  the 
case  of  the  compression  machine,  the  heat  received  from 
the  brine  or  cold  room  is   Q^,  the  heat  equivalent  of  the 


work  of  the 


11  pressor  IS 


(=^> 


and  the  heal  givi 


to  the  condenser  is  Q^.  These  three  quantities  are  measured 
directly,  the  work  H'  in  24  hours  being  obtained  from  the 
Indicator- diagrams   taken  from  the   compressor.      Were  it 
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not  for  losses  due  to  radiation,  convection,  etc.,  the  observed 
quantities  should  satisfy  the  relation 

IV 

If,  however,  we  denote  by  Q^  the  total  loss  due  to  all  causes, 

the  heat  balance  is 

W 

In  a  carefully  conducted  test,  the  difference  between  the 
two  members  of  this  equation  should  be  small.  A  large  dis- 
crepancy indicates  either  some  error  in  observation  or  gross 
inaccuracies  in  the  apparatus  or  in  the  method  of  con- 
ducting the  test. 


TEST   OF   COMPRESSION    MACHINE. 


CAPACITY   OF    I>IRBCT-BXPANHIOi>'    SVHTBM. 

1454.  As  stated  in  Art.  1452,  an  accurate  determina- 
tion of  the  quantity  of  refrigeration  produced  by  a  direct- 
expansion  system  is  not  possible,  and  it  is  necessary  to 
resort  to  calculation  to  obtain  an  approximate  result.  From 
formula  1 23,  the  refrigeration  in  24  hours  expressed  in 
tons  of  ice  is  /^=  .00505  //  M  \r^  —  (/^  —  /„ )],  and  the  weight 

C 
M  of  ammonia  circulated  per  stroke  is  M  z=  -    z=.  C  zv.  where 

V 

C  denotes  the  volume  of  the  compressor  cylinder  in  cubic 
feet,  7'  the  volume  of  a  pound  of  ammonia  vapor  at  the 
pressure  in  expansion  coil,  and  u*  the  weight  of  a  cubic 
foot  of  the  vapor  at  the  same  pressure.  Substituting,  we 
have 

F  =  .00505  ;/  C  w  [r,  -  (/,.-/„)].  ( 1  26.) 

The  factor  //  is  the  number  of  compression  strokes  per 
minute;  in  single-acting  compressors  ;/  will  be  equal  to  the 
number  of  revolutions  per  minute,  and  in  double-acting 
machines  to  double  that  number.     This  formula  gives  the 
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theoretical  tonnage  of  the  machine.  To  allow  for  such 
losses  as  clearance  and  cylinder  superheating,  deduct  H  per 
cent,  from  the  result  in  case  of  a.  single-acting  machine  and 
30  per  cent,  for  a  double-acting  machine. 

To  obtain  a  rough  approximation  to  the  capacity,  the 
following  rule  of  thumb  is  sometimes  used:  With  a  suction 
pressure  of  15  pounds,  gauge,  and  a  head  pressure  of  IStf 
pounds,  a  well-made  single-acting  compressor  with  \ 
clearance  spaces  gives  an  ice-melting  effect  of  one  ton  for 
4J  cubic  feet  of  piston  displacement  per  minute.  With 
double-acting  compressors,  allows  to  G  cubic  feet  per  minute 
fur  each  ton. 

Example. — A  singie-actiug  compreasur  having  two  cylinders  witb 
12-incli  bore  and  BO-inch  stroke  is  running  at  60  revolutions  per  m 
The  head  pressure  is  150  pounds, and  ihe  back  pressure  15  pounds. 
What  capacity  is  the  compressor  developing?  What  would  be  tba 
capacity  of  a  single-cylinder  double-acting  compressor  under  the  s, 

SoLiTTioN. — Keferring  tii  Ihe  table  of  the  properties  of  ammonia, 
it  is  seen  thai  /„  ,  Ihe  temperature  in  the  expansion  coil,  is  slightly  below- 
1)  F..  and  the  temperature  /,. ,  corresponding  to  the  heud  pressure.  i» 
slightly  below  85'  F.  It  will  be  sufficiently  exact  to  lake  these  tempera* 
tures.  The  latent  heat  r.  corresponding  to  0',  is  556.5  B.  T.  V.. 
the  weight  of  a  cubic  font  of  ammonia  va|Kir  at  U°  F.  is  .IKIB  pound. 
The  volume  of  the  compressor  cylinder  in  cubic  feet  is  .7854  x  ''  X  St. 
=  1.)Mt3n.  Substituting  in  formula  126,  ihecapacity  for  one  cylinder  is 
/■=  ,00505  X  60  X  I.M85  X  .IHWX  [555,5  -  (H5  -  0)]  =  81.04 

For  both  cylinders  the  theoretical  capacity  is  63.08  tons,  and  deduct- 
ing 25  per  cent..  Ihe  approximate  actual  capacity  is  68.1)8  tons  x  7t 
=  4<[,58tons.     Ans, 

Evidently  the  theoretical  capacity  of  the  double-acting  si ngle-cyti Ci- 
der compressor  wouUi  als<)  be  (12.08  tons;  the  probable  actual  capacity, 
deducting  30  per  cent.,  is  62,08  ions  X  -70  =  iS.M  tons.     Ans. 

145ft.     Direct    Meatturetnent  of  Ammonia.— 

formula  for  capacity  applies  to  compressors  working  ttndcr 
the  most  favorable  conditions,  with  small  clearance  losses 
and  no  leak  about  valves  or  pistons.  The  cylinder  super- 
heating  is  based  upon  a  suction  pressure  of  15  pounds  and  A 
back  pressure  of  150  pounds.  This  loss  is  found  m  case  of 
wet  or  dry  lompression  or  oil  injection,  the  exact  percentage. 
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differing  with  make  of  machine.  To  make  even  an  ap- 
proximately exact  test  upon  a  compression  machine  run- 
ning with  a  direct-expansion  system,  it  is  necessary  to 
measure  directly  the  quantity  of  ammonia  circulated  by 
means  of  an  ammonia  meter  in  the  feed  line,  between  the 
receiver  of  the  condenser  and  the  expansion-valve. 

The  meter  should  be  calibrated  in  cubic  feet  by  means  of 
water  before  being  placed  in  the  feed  line,  care  being  taken 
to  thoroughly  eliminate  any  remaining  water  before  the 
meter  is  connected  up.  The  weight  in  pounds  per  cubic 
foot  of  the  liquid  anhydrous  ammonia  for  any  required  head 
pressure  is  given  in  the  table  of  Properties  of  Saturated 
Ammonia. 

Let  P  denote  the  weight  in  pounds  of  anhydrous  ammonia 
passed  through  the  meter  in  one  hour.  Then  the  heat 
absorbed  by  the  ammonia  per  hour  is  P  [r  —  (/^  —  /„)] 
B.  T.  U.  and  the  capacity  in  tons  per  24  hours  is 

(127.) 

Example. — If  an  ammonia  meter  shows  a  delivery  of  25  cubic  feet 
of  liquid  anhydrous  ammonia  per  hour,  the  machine  running  with  a 
back  pressure  of  15  pounds  and  a  head  pressure  of  150  pounds,  what 
is  the  actual  capacity  of  the  machine  ? 

Solution. — Takinjr  the  temperatures  /„  and  /c  at  0  and  H5 ',  as  in 
the  solution  of  the  example  of  Art.  1454,  the  volume  of  a  iK)und  of 
liquid  at  the  given  head  pressure  is  .02755  cubic  foot :  therefore,  25  cubic 

feet  will  weigh    ^  lb.  =  916  lb.     The  latent  heat  r  is  555.5  B.  T.  U. ; 

hence,  substituting  in  formula  127, 

/-'=  .(KK)084  X  9l«  X  [555.5  -  (H5  -  0)|  -  86.2  t(ms. 


CAPACITY  OF    BKi:VB    SYSTEM. 

1456.  When  the  refrigerating-machine  is  used  to  cool 
a  liquid — as,  for  example,  brine — the  quantity  of  refrigera- 
tion produced  can  be  determined  by  direct  observation.  If 
we  denote  by  G  the  weight  of  brine  circulated  in  a  given 
time,  by  s  the  specific  heat  of  the  brine,  and  by  /,  and  /„ 
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respectively,  the  temperatures  of  the  brine  at  the  outlet  and 
inlet,  then,  according  to  formula  72,  /ieaf.  the  heat  given 
up  by  the  brine  in  the  given  time  is 

Gs(f,-  /,)  B.  T.  U. 

The  heat  given  up  in  24  hours  is  readily  calculated,  and 
from  this  the  capacity  in  tons  follows  at  once. 

Illustration, — In  one  of  Prof.  Denton's  lests  previously  men- 
liiHietl,  the  average  temperature  at  the  brine  inlet  was  38.76"  F.,  ihal 
at  the  outlet  was  3»M"  F..  the  specific  heat  of  the  brine  was  .«*,  and 
ihe  weight  of  brine  circulated  per  minute  was  2,3«l  pounds.  The  htai 
given  by  the  brine  to  the  ammonia  per  minute  was.  therefore, 
3.3«1  X.e3xi88,TH  -a«.e6)  =  14,776  B.T.  U. 

1457.  Arranit«mcnt  for  Test. — Fig.  :}a9  shows  the 
general  arrangement  for  making  a  capacity  test  on  ma- 
chines of  any  type  that  use   brine   as   a   carrier   ■ 


The  brine  lank  is  shown  ;it  A,  the  brine-puinp  at  P,  the 
brine  meter  at  A',  and  at  C  the  coils  in  the  cooling  rooms.  A 
tee  should  be  placed  in  the  delivery  line  between  the  brine 
meter  and  coils  C,  and  cocks  or  valves  should  be   placed  un 
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each  side  of  this  tee.  These  cocks  are  denoted  by  I'and  I''. 
A  pressure  gauge  G  indicates  the  pressure  of  the  brine.  A 
tank  or  large  barrel  .1/  is  placed  on  the  scale  S,  and  is  so 
arranged  that  the  pipe  from  ("  leads  to  it.  A  thermometer 
T^  is  placed  in  the  brine  line  returning  to  the  tank,  and 
another  'J\  is  placed  in  the  pump-suction  line  leaving  the 
tank. 


1 4ft8.     Tbermainctcrs 

Thermometers  used  in  matit 
should    be    very    accural 
they  should  be  graduati  d 
to  tenths  of  a  degree,   :  o 
that  they  can    be   read  to 
hundredths  of    a    degree 
Iron  sockets,  as  shown  m 
Fig.   340,  having  a  }-inch 
pipe  thread    near    the  top, 
wherever  temperatures  art 
with  mercury  and  tli 
it.     The 


Mercury      Wells.  — 

1  nn  rpfrigerating  work 


^ 


should   be  placed   in   the   pipe 

required.      The  socket  is  filled 

bulb  of  the  thermometer  is  placed  in 

around  the  socket  should  be  thin,  so  that  the 


lay  be  readily  transmitted.      The  socket  should  be  at 


I 


I  least  3  inches  long,  and  if  the  pipe  is  not  of  sufficient  diame- 
ter, larger  size  tees  with  outlets  bushed  should  be  provided 
to  receive  them.  Where  it  is  desirable  to  get  an  approxi- 
mate temperature,  portable  sockets  or  wells  made  of  wood 
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can  \}c  uhed  with  very  good  results.  Fig.  341  ahoin  2 
^elchuf  such  a  socket  for  vertical  pipes. 

1459.     CuHbratlnK  the  BHntt  Meter. — The  spK-i6c 

gravity  ttt  the  brine  should  be  determined  by  a  speci6c- 
griivity  hydrometer  at  A'i"  Fahrenheit.  The  LurrespiMiding 
specific  heat  for  brine  at  this  gravity  can  be  found  by  refer- 
ring to  Table  28  or  29,  according  to  the  kind  of  brine  used. 
There  now  remains  to  be  determined  the  number  of  pounds 
of  brine  that  the  meter  discharges  per  cubic  finit.  To  do 
this,  the  brine  is  circulated  through  and  the  reading  of  the 
pressure  gauge  G,  Fig.  33i>,  is  noted.  The  line  from  the 
valve  ("  to  the  barrel  should  be  arranged  with  a  swinging 
joint,  so  that  it  can  be  swung  over  the  barrel  or  beyond  it 
at  will.  Stop  the  brine-pump,  close  the  valve  J ',  and  swing 
the  pipe  beyond  the  barrel.  Start  the  brine-pump  and  open 
the  valve  I"  until  the  gauge  G  shows  the  same  pressure  as 
in  regular  running.  Throw  the  pipe  into  the  barrel,  and  at 
the  same  instant  take  the  reading  of  the  meter  H.  When 
the  barrel  is  nearly  full  and  the  reading  of  the  meter  has 
come  to  an  rven  number  of  cubic  feet,  throw  the  pi|>e  ck-ar 
of  the  barrel  and  weigh  the  amount  of  brine  held  by  the  bar- 
rel. The  barrel  should  be  weighed  empty  before  the  test  is 
started.  The  difference  between  these  two  weighings  will 
give  the  weight  of  the  number  of  cubic  feet  of  brine  shown 
by  the  meter  reading.  For  example,  if  the  net  weight  of 
the  brine  is  736  pounds  and  the  meter  reading  is  10  cubic 
feet,  73.0  pounds  is  the  weight  of  1  cubic  foot  according  to 
the  meter.  Such  a  determination  does  away  with  the  neces- 
sity of  multiplying  the  meter  reading  by  the  specific  grav- 
ity of  the  brine,  and  also  detects  any  error  that  may' exist 
in  the  meter. 


nETBRMINATlON    OF    HEAT    RBJECTBD. 

1460.     The   jirocedure  adopted  in  measuring   the  heat 

ejected  by  the  ammonia  to  the  condenser  is  exactly  similar 
o  that  employed  in  measuring  the  heat  absorbed  from  the 
irine.    Thequantity  of  water  passing  through  the  condenser 
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is  indicated  by  a  water-meter,  previously  calibrated.     The 

temperatures  of  the  water  at  the  entrance  and  at  exit  are 

measured  by  accurate  thermometers.       Evidently  the  pmd- 

ict  of  the  weight  of  water  passing  through    the  meter  in  a 

L  given    time    and  the   range  of    temperature   give    the  heat 

)  absorbed  in  that  time  in  B.  T.  V.     If  the  compressor  has  a 

[  water-jacket,  the  heat  delivered  to  the  water  of  the  jacket 

5  determined  in  a  similar  manner. 

Illustration. — In  Denton's  lest,  quoted  iit  a  preceding  paragraph, 
the  average  inEtial  temperature  iif  the  condensing  water  was  44. UA'  F., 
the  average  final  temperature  was  83.86"  F.,  and  the  quantity  circu- 
lating thrimgh  the  condenser  per  minute  was  2,281  pounds.  The 
average  temperature  of  the  water  entering  the  jackets  was  44.1^  ,  (hat 
of  the  water  leaving  the  jackets  was  69",  and  the  weight  passing 
through  the  jackets  per  minute  was  25  pounds.  The  heat  rejected  to 
the  condenser  per  minute  was 

3,381  X  (88.6fl  -  44.65)  =  B8.981.8  B.  T.  U. 
The  heat  rejected  to  the  water  in  the  jackets  per  minute  was 
2.T  X  (80  -  44.85)  =  809  B.  T.  V. 


MEASURBMI^NT  OF  THE   W«>HK  OF  COM 

1461*    The  work  oC  compression  and  the  power  consumed 

by  the  compressor  are  determined  from  indicator-diagrams 

taken  from  the  compressor  cylinder.     All  the  directions  for 

taking  diagrams  given  in  Steam  and  Steam  Engiiifs,  Arts. 

1259-1261,  apply  equally  well  to  refrigerating-machines. 

For  ammonia  work,  it  is  preferable  to  use  a  special  indi- 

j    cator,  the  working  parts  of  which  are  made  of  steel  instead 

r  of  brass.      Ammonia  has  no  effect  on  steel,  but  rapidly  rnr- 

I  rodes  brass.    In  case  it  is  not  possible  to  procure  an  ammonia 

I  indicator,  an  ordinary  steam  indicator  will  answer  the  piir- 

l  pose,  provided  the  piston   is  removed   after  every  series  of 

\  cards  is  taken  and  both  cylinder  and  piston  are  wiped  dry 

I  and  well  covered  with  oil.     This  will  prevent  the  ammonia 

I  gas  from  attacking  the   portions  of  the  indicator  made  of 

I  brass. 

In  the  case  of  a  vertical,  single-acting  compressor,  ihe  indi- 
I  cator  pipe  is  screwed  into  the  upper  head  of  the  cylinder. 


[ 
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If  the  compressor  is  double- acting,  it  is  of  course  |)referable 
to  use  two  indicators,  one  at  each  end  of  the  cylinder;  but 
if  only  one  indicator  is  at  hand,  the  pipes  from  the  two  ends 
may  be  joined  by  a  three-way  cock,  as  shown  in  Art.  1 259, 
Sltatn  and  Steam  EngtNes. 

If  the  condensing  pressure  is  below  150  pounds,  a  Iriu- 
poiind  spring  will  do  the  work;  if  above  that  pressuri-,  a 
125-pound  spring  should  be  used. 

The  diagrams  may  be  worked  up  as  explained  in  SUa"; 
atid  Sltam  Engines,  Ati&.  1265  to  1268.  Having  ob 
tained  the  mean  effective  pressure,  P,  the  indicated  horse- 
power, is  given  by  the  formula 

33,000  ■ 
the  work   per   minute   in  foot-pounds  is  expressed  by  the 
product  PL  A  .V;  the  work  in  2-1  hours  in  foot-pounds  is 

\V=  24  X  CO  X  /"i  -4  N=  1.440  PL  A  A", 
and  the  heat  equivalent  of  this  work  is 

W       W      IM'^PLAN  ^  „  ,, 

/^77«  = 778— ^■^■^- 

The  factor  /V  in  the  preceding  formulas  denotes  the  number 
of  eompressioH  strokes  per  minute;  in  the  case  of  single- 
acting  compressors,  ;V  is  equal  tn  the  number  of  revolutions 
per  minute,  and  in  the  case  of  the  double-acting  compressors, 
it  is  double  that  number. 

1462.     ExampteM    of   Indlcator-DlaEramfi.  —  The 

diagrams  shown  in  Figs.  3".Jf)  and  Aft  are  excellent  examples 
of  indicator-diagrams  for  a  compressor  having  very  small 
clearance  spaces.  It  will  be  noticed  that,  though  there  is 
some  clearance  space,  the  heel  of  the  diagram  is  very  sharp, 
there  being  no  curve  similar  to  the  compression  curve  on  a 
steam-engine  diagram.  This  is  due  to  the  fact  that  ihc 
ammonia  gas  in  the  clearance  space  is  cooled  sufficiently  by 
the  water-jacket  to  drop  to  the  suction  pressure  by  its  own 
contraction,    due  to    the    loss    in    temperaUire,    before    ihc 
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piston  has  receded  any  appreciable  amount.  The  pressure  at 
the  end  of  compression  shows  that  the  compressor  is  obliged 
to  compress  the  gas  a  little  above  the  condenser  pressure 
before  the  valve  opens;  the  same  is  true  in  the  case  of  the 
suction-valve,  as  the  heel  of  the  card  falls  below  the  suction 
pressure  for  a  short  distance  until  the  suction-valve  opens. 


SCHBDULB  OP  TBST. 

1 463*  In  making  a  complete  efficiency  test  of  a  com- 
pression refrigerating-machine.  the  data  and  results  con- 
tained in  the  items  of  the  following  schedule  should  be 
obtained.  In  making  a  capacity  test  only,  the  items 
marked  *  need  not  be  observed. 

General  Data. 
1.     Date. 
"i.      Duration  of  test. 

3.  Name  of  machine. 

4.  Class  of  machine. 

o.  Nominal  capacity  of  machine. 

6.  Diameter  of  steam  cylinder. 

7.  Stroke  of  steam  cylinder. 

8.  Diameter  of  ammonia  cylinder. 

9.  Stroke  of  ammonia  cylinder. 

10.  Diameter  of  brine-pump,  steam  end. 

11.  Diameter  of  brine-pump,  brine  end. 

12.  Stroke  of  brine-pump. 


Observations. 

13.  Average  high  ammonia  pressure,  gauge. 

14.  Average  back  ammonia  pressure,  gauge. 

15.  Average  temperature  of  the  brine  inlet. 
U).  Average  temperature  of  the  brine  outlet. 

17.  Average  range  of  temperature  of  brine. 

18.  Weight  of  brine  circulated  per  minute. 

*19.  Average  temperature  of  condensing  water  at  inlet. 

*20.  Average  temperature  of  condensing  water  at  outlet. 
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"31 ,  Average  range  of  temperature  of  condensing  walcr. 

•22.  Weight   of   water   circulated   per   minute  through 
condenser. 

•23.  Weight   of   water   circulated  per  minute    through 
jackets. 

•24.  Average  temperature  of  water  entering  jackets, 

•tJ5.  Average  temperature  of  water  leaving  jackets. 

•3t;.  Average  range  of  temperature  in  jackets. 

37.  Average  temperature  in  engine  room. 

28.  Specific  gravity  of  brine. 

2!).  Specific  heat  of  brine. 

30.  Revolutions  per  minute, 

*yi.  Mean  effective  pressure,  steam  cylinder. 

•:i'^.  Mean  effective  pressure,  ammonia  cylinder. 


Rhsl-lts. 

*3;i.  Average  horsepower  of  steam  cylinder. 

*M.  Average  horsepower  of  ammonia  cylinder. 

•35.  Average  friction  horsepower. 

•311.  Friction  horsepower   in  per  cent,  of  steam  horse- 

*;iT.  Condensing  water,  gallons  per  minute  per  ton. 

38.  Icc-raelting  capacity,  tons  per  twenty-four  hours. 

*'.i'.<.  Refrigerating  effect,  pounds  of  ice,  per  pound  of  coal. 


Heat    Balance. 
4(1.     Heat  given  lo  ammonia  by  brine  per  minute,  B.  T.  l". 

41.  Heat  given  to  ammonia  by  compressor  per  minute, 
B.  T.  U. 

42.  Total  heat  received  by  ammonia  per  minute,  B.  T.  U. 

43.  Heat  delivered  to  condenser  by  ammonia  per  minute, 
B.  T.  U. 

44.  Heat  delivered  to  jackets  by  ammonia  per  minute. 
B.  T.  U. 

4.'>.  Total  heat  rejected  by  ammonia  per  minute,  B.T.C 
41'..  Difference  between  heat  I'eceived  and  rejected, 
;.  T.  I'. 


im. 
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COKDUCTI7IU  wn  wmtHiSfi  vf  thf:  tbst. 

1464.  Before  a  test  is  started,  the  plant  must  be  prop- 
erly arranged.  Meters  must  be  standardized,  ihermomeler 
stickets  must  be  placed,  and  accurate  iow-temperatiire  ther- 
mometers must  be  iibiained  and  compared  with  a  standard. 
For  accurate  determination  of  the  capacity,  the  test  should 
not  be  shorter  than  ten  hours,  while  official  tests  are  seldom 
shorter  than  twenty-four  hours,  and  are  often  continued 
for  several  days. 

The  frequency  of  the  observations  depends  somewhat 
upon  the  length  of  the  test  and  upon  the  uniformity  of  the 
conditions.  Brine  temperatures,  items  15  and  Hi,  should  be 
read  every  15  minutes;  all  temperatures  should  be  read  to 
tenths  of  a  degree,  and  closer  if  possible.  The  necessity  of 
this  will  be  easily  seen  when  one  considers  that  the  usual 
range  of  temperature  is  four  or  five  degrees  Fahrenheit, 
and  the  discrepancy  of  a  tenth  of  a  degree  would  mean 
from  two  to  three  per  cent,  variation  in  the  results. 

Readings  of  pressure  gauges  and  meters  may  be  made 
every  half  hour.  The  inita!  and  final  readings  of  the  meters 
should  be  made  with  particular  care.  It  is  best  to  have  two 
persons  make  these  readings  where  possible.  Indicator- 
diagrams  should  be  taken  every  half  hour  or  hour. 

The  specific  gravity  of  the  brine,  item  28,  is  determined 
by  means  of  an  accurate  hydrometer;  the  specific  heat, 
item  29.  may  be  found  from  Table  28  or  Table  2!l.  accord- 
ing as  the  salt  or  calcium  chloride  brine  is  used. 

After  the  test  is  completed  and  the  observations  are 
recorded,  the  avcragi'  of  all  the  observations  on  each  item 
should  be  found,  and  the  items  included  under  "  Results  " 
should  be  calculated.  Items  33  and  34  are  obtained  by 
measuring  the  indicator-diagrams;  item  35  is  the  difference 
I  between  items  33  and  34,  and  item  3(3  is  obtained  by  divi- 
item  35  by  item  33.  To  find  item  38,  we  have  the 
I  equation 

„^      item  18  X  item  17  X  item  29  x  60  x  24 

^'•^'^''«=  285.300 ■ 

(See  Art,  1456.) 

kltem  37  is  readily  obtained  from  items  23  and  36. 


[tems  40  to  Mi  can  readily  be  caiculalecl  from  the  prin- 
ciples already  explained.  Should  iliere  be  a  considerable 
discrepancy  between  items  42  and  45,  that  is,  should  item 
4f!  be  relatively  large,  this  fact  would  indicate  either  inav- 
curate  apparatus  or  errors  in  the  observations. 


CALCULATION  OF  EFFICIENCT. 

1465.  In  order  to  determine  the  commercial  efficiency 
of  a  refrigerating  plant,  it  is  necessary  to  make  a  capacity 
determination,  and  at  the  same  time  take  into  account  the 
amount  of  fuel  consumed  to  produce  the  work.  The  ratio 
between  these  quantitie.s  will  give  the  efficiency  of  the 
//(!«/,  as  explained  in  An.  13-42;  but  ii  will  not  determine 
the  efficiency  of  the  matliiiie^  as  it  takes  into  account  all 
the  steam  consumed  by  the  auxiliaries,  such  as  the  water- 
pump,  brine-pump,  boiler-feed  pump,  etc.  To  determine 
the  efficiency  of  the  machine,  including  the  steam  engine. 
only  one  of  the  following  plans  may  be  adopted: 

I40H.  Approximate  Commercial  Efficiency. — 
The  average  horsepower  of  the  steam  cylinder  is  deter- 
mined as  indicated  in  item  'A'i,  and  the  fuel  consumption 
per  horsepower  is  judged  from  the  type  of  the  engine  and  the 
conditions  under  which  it  is  working.  The  consumption 
of  engines  ordinarily  used  to  drive  refrigerating-machines 
varies  from  2i  to  4  pounds  of  coal  per  horsepower  per 
hour,  the  lower  figure  applying  to  condensing  engines.  It 
is  quite  customary  to  assume  a  consumption  of  3  pounds 
per  horsepower.  Using  this  figure,  we  havt 
formula: 

item  IS  X  item  IT  X  item  211  X 


Efficiency  (item  il'.))  =. Hem  33  X  3  X  142-65 

l^.XAMi-i.E,  —  In  an  actual  tvsi,  t!ic  following duia.  were  recurdi 

Brine  clriulated  per  minute.. , 1.030  pouni 

Average  range  of  brine  temperature K68"- 

Specific  Ileal  of  brine 7B. 

Average  horsepower  of  steam  cylinder    III. "9. 

Assuming  a.  fuel  consumption  of  3  pounds  of  inal  per  horsepowei 


i 
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per  hour,   find  the  efficiency  iif  the  combined   re  frige  rating-machine 
and  steam  engine,  expressed  in  pciunds  <if  ioe  melted  i>er  pound  of  coal. 


Heal  abstracted  per  hour  =  1,030  X  S.63  X  .78  X  80  B.  T.  U. 

1.080  X  8.Bfl  X  .7fi  X  60 
Ice  melted  per  hour  =  ■ '"ija'H.'i pounds. 

Coal  used  per  hour  =  B\,  79  X  3  pounds. 

<afl3x  .78X60 


Ice  melted  per  pound  of  crial 


m.~9  X  a  X  i42.rt!s 


1467.     Direct   Meatturement  of  Steam  and  Fuel. 

— The  result  obtained  by  assuming  the  coal  consumption  for 
the  engine  can  only  be  approximate,  and  a  comparison 
between  two  machines  based  upon  such  an  assumption 
might  easily  be  unfair  to  one  or  the  other  of  them. 

In  order  to  make  an   accurate   efficiency  test  on  any  par- 
ticular plant,  the  exhaust  of  the  compressor  engine  .should 


be  condensed  and  weighed.  To  do  this,  an  arrangement 
similar  to  the  one  shown  in  Fig.  ^4^  will  he  found  conve- 
nient. A  is  a  steam  condenser  of  any  convenient  form, 
and  B  and  B'  are  barrels  placed  upon  the  scales  S  and  S'. 
The  outlet  from  the  condenser  A  is  provided  with  a  pipe 
having  a  swinging  joint  D,  so  that  it  can  be  readily  shifted 
from  one  barrel  to  the  other.     Before  the  test,  the  barrels 
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should  be  filled  with  warm  water,  so  that  they  will  absorb 
all  moisture  i)ossible,  and  then  should  be  weighed  empty. 
When  the  test  is  started,  the  water  is  allowed  to  enter  the 
barrel  />  until  that  barrel  is  full.  The  pipe  D  is  then 
quickly  swung  to  barrel  />',  and  while  that  is  filling,  barrel 
y>  is  weighed.  The  barrels  are  thus  alternately  filled, 
weighed,  and  emptied,  until  the  end  of  the  test.  The  total 
amount  of  water  condensed  and  weighed  in  the  barrels  is 
calculated,  and  if  the  test  is  for  a  shorter  time  than  twenty- 
four  hours,  the  proportionate  amount  for  the  full  twenty- 
four  hours  is  estimated.  The  weight  of  water  used  in 
twenty-four  hours  divided  by  the  capacity  in  tons  gives  the 
weight  of  steam  consumed  per  ton  of  refrigerating  effect 
per  twenty-four  hours.  If  a  boiler  test  is  carried  on  at  the 
same  time  that  the  refrigerating-machine  is  being  tested, 
the  evaporation  of  the  boilers  can  be  determined.  The 
total  amount  of  steam  used  in  twenty-four  hours  divided  by 
the  weight  of  coal  required  to  evaporate  a  pound  of  water 
will  give  the  number  of  pounds  of  coal  required  to  operate 
the  refrigerating-machine  for  that  space  of  time.  The 
efiiciency  in  pounds  of  ice  per  pound  of  coal  can  then  readily 
he  cahnilated. 

I  468.  Power  Plants. — Plants  run  by  belt  or  water- 
power  can  best  he  tested  hy  indicating  the  ammonia  cylin- 
der and  estimating  from  the  resulting  cards  the  horsepower 
recjiiired  to  ()j)erate  the  plant.  From  this,  the  capacity  per 
h()rsei)()\ver  expended  can  l)e  easily  estimated.  An  allow- 
ance of  at  least  lo  per  c-ent.  may  be  made  for  the  friction  of 
the  machine. 

Ti:ST  OF   ABSORPTION  MACHINE. 

1 4Hf).  As  there  are  very  few  absorption  machines  on 
the  market  that  make  perfectly  anhydrous  ammonia,  the 
onlv  satisfactory  way  to  make  a  test  on  machines  of  this 
class  is  by  means  of  brine  circulation.  The  arrangement 
of  the  connections  will  be  the  same  as  for  the  compression 
machine,  and  the  data  required  and  the  method  of  calculation 
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are  the  same  for  boih  systems.  In  case  an  absorpliun 
machine  is  used  in  connection  with  direct  expansion,  and  it 
is  not  possible  to  make  a  thermal-heai  test,  one  of  the  foi- 
liiwing  methods  may  lip  n'ted  for  the  purpose  of  esiaiilishint; 
approximate  resnhs. 

I470.  Measurtog;  the  AnhydrouH  Ammonlu.^ 
The  anhydrous  ammonia  may  be  measured  by  a  meter  in  a 
manner  similar  to  that  described  in  Arc.  1 45S,  but  samples 
of  this  ammonia  should  be  frequently  drawn  off  and  tested 
by  allowing  the  sample  to  evaporate  in  a  flask,  as  described 
in  Art.  1364.  If  any  moisture  is  found,  the  test  will  be 
of  little  value,  as  such  a  small  quantity  as  6  per  cent,  of 
entrained  moisture  will  cut  down  the  efficiency  of  the 
machine  20  per  cent,  and  the  capacity  Iij  per  cent. 

1471*  Measuring  the  Pump  Delivery. — Theother 
method  consists  in  measuring  the  pump  delivery.  If,  how- 
ever, it  is  not  convenient  to  provide  an  ammonia  meter,  the 
lump  strokes  can  be  counted,  and  the  amount  of 
ictually  dischargeil  can  thus  be  estimated. 

Before  starling  this  test,  see  that  the  packing-rings  in  the 
ammonia  end  of  the  pump  are  tight,  so  that  there  is  no 
leakage  from  one  side  of  the  pump  to  the  other;  also  that 
all  the  valves  are  seated  and  tight  on  their  seats.  The 
exact  stroke  of  the  pump  should  then  be  taken  every  few 
minutes,  while  the  pump  is  in  operation,  so  as  to  see  if  there 
is  any  variation,  which  is  often  the  case  with  steam-pumps. 
After  the  exact  length  of  stroke  has  been  determined,  the 
cubical  contents  of  the  pump  can  readily  be  ci)mputed.  A 
revolution  counter  should  then  be  attached  to  the  piston 
nd  so  as  to  record  the  number  of  displacements  made  by 
he  pump  during  the  test. 

1472.  A  general  arrangement  of  the  plant  is  shown 
in  Fig.  343,  in  which  .(  is  the  absorber  of  the  machine  to 
be  tested  and  B  is  the  strong-liquor  receiver  connected 
with  the  ammonia  pump  P  by  the  pipe  6.     A  lee  is  pro- 

Ivided  in  this  pipe,  the  opening  of  which  is  controlled  by 
the  valve  C     The  outlet  of  this  valve  is  connected  with 


I 


I'RIXCIPLES  OF   KEFKlGKKATUfX. 


a  small  coil  D  immersed  in  a  pail  uf  it-e-water  F.. 
pump  suction  .S"  is  very  warm,  a  sample  drawn  out  of  - 
will  lie  cooled  in  passing  through  the  coil  D,     !t  is  neces 
sary  to  cool  this  sample  so  that  the  strong  liquor  in  i 
jibsorber  under  several   pounds  pressure  will  not   lose  una 
of  the  gas  when  reduced  to  atmospheric  pressure.     If  tbi 
liquor  is  chilled  some  15°  ■>r  a(i\  it  will   retain    this 
whereas  if   the  sample  be   drawn  out  at  the   temperatunl 


of  the  absorber,  the  gas  will  leave  the  liquid  as  it  is  beii 
drawn  out,  and  the  sample  thus  obtained  will  be  iniK 
weaker  than  the  liquor  in  the  absorber.  The  same  is  tn 
with  the  weak-liquor  line  M',  which  is  also  arranged  with 
pipe  coil  having  an  outlet  H.  In  drawing  samples  frort 
either  of  these  two  sources,  care  should  be  taken  that  all 
the  liquor  left  in  the  roil  should  first  be  run  out  before 
new  sample  is  taken. 


PRINCIPLES  OF   REFRIGERATIOX.  Sjrt 

1473.  In  inakiag  liyclrometer  readings,  the  following 
pi)ints  should  be  observed:  In  filling  the  hydrometer  jar, 
let  the  inlet  pipe  D  or  H  enter  the  jar  so  that  it  nearly 
touches  the  bottom.  This  will  prevent  any  foaming  or 
escape  of  gas  from  that  cause.  When  the  jar  is  full,  let  a 
little  of  the  liquid  run  over  the  edge  for  the  purpose  of 
removing  any  foam,  air-bubbles,  etc.,  from  its  surface.  The 
hydrometer  is  then  carefully  lowered  and  a  reading  is  taken. 
Depress  the  hydrometer  half  an  inch  or  an  inch  after  ma- 
king the  first  reading,  and  then  allow  it  to  rise.  Then  make 
another  reading,  and  the  mean  of  these  two  readings  should 
be  the  correct  reading  of  the  liquid.  The  object  of  the  dou- 
ble reading  is  to  eliminate  the  effect  of  capillary  attraction. 

The  temperature  of  the  liquid  should  be  taken  at  the  time 
of  the  hydrometer  reading  and  a  correction  should  be  made 
as  follows:  If  the  temperature  of  the  liquid  is  above  35°  F., 
1  degree  Beaunie  should  be  deducted  for  every  17"  above, 
and  if  the  liquid  is  colder  than  55°,  1  degree  Beaump 
should  be  added  for  every  17°  below  55°. 

If  the  machine  Is  running  with  a  comparatively  steady 
load,  samples  of  liquid  should  be  taken  from  the  strong  and 
weak  liquor  lines  every  15  minutes;  their  specific  gravities 
should  be  determined,  and  at  the  end  of  the  test  the  average 
gravity  of  each  of  the  two  liquors  should  be  computed. 
Table  27  should  then  be  consulted  to  determine  the  per  cent, 
of  ammonia  in  both  the  strong  and  the  weak  liquor.  The 
difference  between  these  readings  will  give  the  per  cent, 
by  weight  of  ammonia  in  each  pound  of  strong  liquor 
pumped.  This  per  cent,  of  ammonia  multiplied  by  the 
total  weight  of  strong  liquor  pumped  in  an  hour  will  give 
the  weight  of  anhydrous  ammonia  circulated  through  tht; 
(system  in  that  time.  Formula  127  can  then  be  used  for 
determining  the  capacity.  In  making  the  test,  it  is  as- 
sumed that  the  machine  is  making  anhydrous  ammonia  and 
that  there  is  no  entrained  moisture. 

1474.  Economy  of  tbe    Absorption    Machine.— 

Having  measured  the  capacity  of  the  absorption  machine, 
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preferably  by  brine  circulation,  the  efficiency  or  economy  t 
the  system  remains  lu  be  determined.  We  have  in  this  easel 
two  sources  of  steam  consumption,  namely,  the  generatorl 
and  the  ammonia-circulating  pump.  The  consumption  aim 
the  latter,  in  case  it  is  a  steam-pump,  can  be  determined  by  an  I 
arrangement  similar  to  that  used  in  eonnection  with  thej 
steam  engine  of  the  compression  marhlne,  and  shown  i 
Fig.  ^43,  If,  however,  the  pump  is  driven  by  an  engjnethati 
also  does  other  work,  the  best  way  to  determine  its  steam  f 
i-oiisumption  is  as  follows:  Indicate  the  engine  with  the  I 
pump  running  when  it  is  doing  normal  work,  and  indicate  it  .1 
again  under  the  same  conditions,  but  with  the  ammonia  I 
pump  disconnected.  Compute  the  horsepower  from  each  I 
set  of  diagrams;  the  difference  between  the  two  will  give  J 
the  power  necessary  to  drive  the  ammonia  pump.  From  this  J 
the  steam  consumption  can  be  estimated  more  or  less  closel^fl 
from  the  class  of  engine  which  drives  the  pump. 

To  ascertain  the  amount  of  steam  taken  by  the  generator,  J 
the  arrangement  shown  in  Fig.  Mi  may  be  adopted.     Tbel 


i 


generator  coils  are  connected  by  a  pipe  0  to  the  receiver  .-*,  ' 
which  is  supplied  with  the  gauge-glass  G.  The  bottom  of  A  I 
is  connected  wiih  a  cooling  coil  T  by  a  pipe  P.  in  which  is  | 
placed  a  valve  C  The  outlet  D  of  this  coil  is  arranged  loA 
swing  over  the  barrels  /?  and  /!',  which  are  placed  on  scales.  J 
The  condensed  steam  entering  A  can  be  seen  in  the  glass  G.  ' 
This  is  kept  at  a  constant  level  by  means  of  the  valve  (', 
so  that  only  the  amount  of  steam  used  in  the  generator  will  I 
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pass  into  the  coil  C\  and  from  there  into  the  barrels  i^  and  B\ 
The  barrels  are  then  manipulated  as  explained  in  Art.  1459 
in  connection  with  the  compression  machine.  The  weight 
of  steam  consumed  being  known,  the  calculation  for  effi- 
ciency proceeds  as  explained  in  Art.  1467* 

14^5.  Heat  Balance.  —  The  various  quantities  of 
heat  with  which  we  are  concerned  in  the  test  of  an  absorp- 
tion machine  are  the  following:  (1)  The  heat  given  up  to 
the  condensing  water  by  the  condenser,  absorber,  rectifier, 
and  weak-liquor  cooler;  let  this  heat  be  denoted  by  Q^. 
(2)  The  heat  absorbed  in  the  generator,  (2„.  (3)  The  heat 
abstracted  from  the  brine,  (26-  {^)  The  heat  equivalent  of 
the  work  of  the  pump,  which  may  be  denoted  by  Q^,. 

To  determine  the  quantity  Q^  it  is  necessary  to  measure 
the  weight  of  condensing  water  flowing  per  minute  or  i)er 
hour  and  the  temperature  range.  (Items  17  and  18,  Sched- 
ule of  Test.)     The  heat  Qg  may  be  determined  as  follows: 

Let  S  =  weight  of  steam  passing  through  the  condenser 
per  minute; 
L  =  latent  heat  of  steam  at  given  pressure; 
/j  =  temperature  of  steam  at  given  pressure; 
/,  =  temperature  of  water  leaving  generator. 

In  changing  to  water,  each  pound  of  steam  gives  up 
L  B.T.U.  and  the  water  gives  up  in  addition  /,—  /,  B.T.  U. 
in  passing  from  the  temperature  /,  to  /,  (assuming,  as  is 
customary,  that  the  specific  heat  of  water  is  1). 

Therefore, 

(?„  =  5  (A +  /,-/,).  (128.) 

The  heat  Q,,  is  determined  as  in  the  test  of  the  compres- 
sion machine,  and  the  heat  Q^,  is  found  from  the  pump 
indicator-diagrams. 

The  total  heat  given  to  the  machine  is  evidently 

Q„+Q,  +  Qp. 
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and  Q,  is  the  htat  delivered  by  the  machine  to  the  condens- 
ing water;  hence  we  have 

a=a+a+a. 

In   practice,   Q^,  is  so  small  that  it  may  be  neglected  in 
forming  the  heat  balance,  and  the  equation  becomes 
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INSTALLATION   AND   MANAGEMENT   OF 
REFRIGERATING-MACHINES. 

COMPRESSION    MACHINE. 

EHECTION. 

1476.  Foundations. — -The  foundation  fur  ihe  com- 
pression machine  consists  of  a  regular  engine  foundation  for 
the  compressor,  engine,  and  pump,  and  the  necessary  floor 
for  the  condenser,  on  which  is  placed  the  catch  pan,  if  the 
condenser  is  of  the  atmospheric  type.  In  the  case  of  a  sub- 
merged condenser,  a  stone  foundation  or  brick  piers  should 
be  provided.  For  brine  circulation,  the  brine  tank  should 
also  be  set  upon  a  strong  brick  or  stone  foundation.  The 
footing  course  of  the  engine  or  compressor  foundation  should 
be  of  large  stones  or  of  a  grout  foundation  well  tamped. 
The  upper  courses  of  the  foundation  may  be  of  either  concrete 
or  stone,  the  latter  being  preferable.  In  setting  the  founda- 
tion bolts,  it  is  well  to  set  them  in  li  or  2  inch  wrought-inm 
pipe,  which  gives  a  limited  play  to  the  foundation  bolt  and 
allows  it  to  enter  the  base  of  the  engine  or  compressor  more 
readily,   particularly    if   the   template   is   not   true.      Care 

■  should  be  taken  to  wedge  the  head  of  the  boh  that  remains 

Htn  the  foundation,  to  prevent  its  turning. 
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After  the  masonwork  is  tarried  to  the  proper  height 
IJ  or  3  inch  hardwood  plank  should  be  placed  between  the 
stone  foundation  and  the  bed-plate  of  the  machine.  This 
plank  acts  as  a  cushion  and  greatly  diminishes  the  injurious 
effects  of  shocks  or  pounding.  This  end  would  not  be 
attained  if  the  machine  were  set  directly  dii  the  stone 
foundation,  owing  to  the  lack  of  elasticity  of  the  latter. 

1  477.  Lining  Cp  and  Cleaning. — In  case  of  a  self- 
contained  machine,  where  the  engine  snd  compressor  are 
tandem  and  on  the  same  bed-plate,  there  is  no  need  ot 
lining  up,  as  these  parts  are  usually  shipped  from  the  shop 
in  perfect  alinement.  But  in  case  of  the  cross  machine, 
with  the  engine  parallel  with  the  compressor,  great  care 
should  be  taken  in  lining  up  both  the  compressor  and  the 
engine  with  the  main  shaft  and  in  making  the  foundation 
of  equal  strength  throughout,  so  as  to  prevent  any  pos- 
sibility of  either  part  settling  more  than  the  other.  A  slight 
settling  of  the  engine  or  compressor  will  throw  it 
pletely  out  of  line  with  the  other  parts,  and  this  causes  a 
great  deal  of  trouhle  and  annoyance,  to  say  nothing  of 
excessive  oil  bills. 

After  the  engine  and  compressor  are  practically  in  line^ 
all  bearings  should  be  thoroughly  cleaned  with  kerosene  to 
remove  all  grit  and  then  keyed  up  to  a  loose  fit.  It  is  better 
to  have  the  compressor  knock  a  little  at  the  start  rather 
than  run  any  risk  of  burning  out  the  brasses  or  inelting  the 
babbit.  The  valve  bonnets  and  valves  should  be  removed 
and  the  cylinder  thoroughly  inspected.  The  castings  in  the 
suction  and  discharge  ports  should  be  kept  perfectly  clean, 
as  the  smallest  particle  of  any  substance  lodging  under  the 
valves  naturally  causes  a  leak  and  is  likely  to  cut  either  the 
valve,  the  cylinder,  or  both. 

1478.  Placing  the  CnndeaKer. — After  the  engine 
and  compressor  are  in  place  and  bolted  down  and  all  bear- 
ings protected,  so  as  to  prevent  dirt  entering,  them  Ihe  next 
thing  is  to  put  the  condenser  in  place.     Whether  the  latter 
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is  of  the  submerged  or  of  the  atmospheric  type,  it  is  essential 
that  the  foundation  or  floor  on  which  it  is  to  stand  should 
be  praciicaHy  level.  Any  inequality  in  the  floor  causes  a 
like  unevenness  in  the  pipes  or  coils  of  the  condenser.  This 
naturally  makes  a  trap  in  which  the  anhydrous  liquid  can 
collect,  thereby  interrupting  the  work  of  the  condenser. 
The  floors  of  an  atmospheric  condenser  are  often  made  to 
pitch  in  a  certain  direction,  at  right  angles  to  the  run  of  the 
coils.  In  such  cases,  the  coils  are  practically  level,  but  each 
coil  is  propped  up  a  certain  amount  so  as  to  allow  fnr  the 
pitch  in  the  floor.  With  submerged  condensers,  it  is  best 
to  have  very  deep  tanks,  as  the  deeper  the  tank  the  greater 
is  the  range  in  the  temperature  of  the  water.  Such  con- 
densers always  have  the  water-supply  near  the  bottom,  the 
overflow  or  waste  being  at  the  top.  In  this  case,  it  is  neces- 
sary, as  already  stated,  to  have  very  strong  foundations  for 
the  condenser  tank.  These  should  be  brick  piers  placed  on 
good  stone  or  concrete  bases,  and  sufficiently  close  on  centers 
to  prevent  any  sagging  in  the  floor  beams  that  support  the 
condenser  tank.  The  coils  in  the  tank  should  also  be 
carefully  leveled,  so  as  to  prevent  any  traps  or  pockets  in 
the  pipes,  and  the  best  practice  recommends  valves  or 
cocks  at  the  ends  of  each  coil,  outside  of  the  tank,  as  in  this 
way  any  leaking  coil  may  be  shut  off  independently  of  the 
others. 

1479.  SettlnK  the  Brlae  Tank.— As  the  brine  tank 
is  usually  made  deep  and  has  considerable  insulation,  ii  is 
advisable  to  set  it  on  a  brick  or  sfme  foundation,  similar  to 
the  one  described  in  the  preceding  article.  On  top  of  this 
foundation,  the  insulation  for  the  bottom  of  the  brine  tank 
is  built  in  the  form  of  a  floor.  The  best  thing  to  use  for 
the  filling  between  the  joists  is  granulated  cork;  but  this  Is 
very  expensive,  and  planing-niill  shavings  are  often  used 
i^instead.  Care  should  be  taken  not  u>  use  sawdust,  owing 
to  the  possibility  of  spontaneous  combustion  in  case  it 
becomes  dampened,  and  also  because  of  its  great  avidity  for 
moisture. 
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shown  in  Fig.  ^45.  It  coa- 
ts resting  on  the  foundations,  two  air 
spaces,  and  one-half  to 
1  inch  of  pitch,  in  which 
the  brine  tank  is  bedded. 
In  case  it  is  not  possible 
to  procnre  pilch,  th 
floor  on  which  the  brine 
tank  is  to  rest  may  be 
sprinkled  with  either 
ground  cork  or  plantng- 
mill  shavings  about 
1  i  n  c  h  thick,  and  the 
brine -tank  bed  set  in 
them.  When  the  brine 
tank  is  rectangular  and 
is  to  be  placed 
corner,  the  walls  round 
it  should  be  insulated 
before  putting  the  tank 
in  place. 

The  tank  shnnld  he  thoroughly  tested  for  leaks  before  it 
is  lowered  on  the  foundation,  and  if  any  leaks  are  dis- 
covered, they  should  be  stopped. 

After  the  tank  is  lowered,  the  expansion  coils  are  placed  in 
it,  the  same  care  being  taken  to  keep  them  level  as  in  the 
case  of  the  condenser  coils.  Sometimes  cheap  plants 
built  without  cocks  or  valves  in  the  expansion  coils;  but 
better  class  of  machine  builders  put  expansion  and  shut-off 
valves  in  each  separate  coil.  This  facilitates  regulation  and 
saves  time  and  money  in  case  of  accident,  as  each  coil  can 
be  shut  off  independently. 

The  insulated  cover  of  the  brine  tank  need  not  be  as 
heavily  insulated  as  the  bottom  and  sides.  It  should  be  pro- 
vided  with  a  manhole  or  trap-door  to  give  access  to  the  inside 
of  the  tank.  It  is  preferable  to  make  the  cover  in  sections 
if  possible,  and  secure  it  in  such  a  manner  as  will  allow  it  to 
be  easily  removed,  so  that  the  coils  can  be  taken  out  and 
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replaced  if  necessary.  Surll  work,  of  course,  makes  it  neces- 
sary to  have  sufficient  headroom  over  the  brine  tank.  The 
same  thing  applies  to  the  submerged  condenser. 

14SO.  Pipe  Connectlona.^After  all  the  principal 
parts  of  the  plant  are  in  place,  the  anhydrous-ammonia 
receiver  can  be  set  up.  This  receiver  should  always  be 
placed  below  the  level  of  the  condenser,  so  that  the  liquid 
from  the  latter  vessel  can  drain  into  it.  The  oil  separator 
between  the  compressor  and  condenser  should  also  be 
located,  and  the  gauge  frame  with  the  pressure  gauges 
should  be  secured  in  position.  The  brine  and  water  circu- 
lating pumps,  boiler-feed  pump,  and  the  rest  of  the  steam- 
boiler  plant  should  be  located  and  placed  according  to  good 
engineering  practice. 

The  steam  main,  from  which  the  pipe  to  the  engine  of  the 
compressor  branches  out,  should  be  provided  with  a  stop- 
valve  to  shut  off  the  steam  in  case  of  necessity;  this  in 
addition  to  the  throttle-valve  of  the  engine.  The  steam- 
pipe  to  the  engine  should  be  taken  from  the  top  of  the 
steam  main,  so  as  to  get  perfectly  dry  steam.  Bleeders 
should  be  provided  along  the  bottom  of  the  steam  main  to 
drain  any  water  of  condensation  that  may  collect  in  it,  the 
pipe  being  pitched  in  the  direction  of  the  bleeder.  In  large 
plants,  it  is  advisable  to  connect  with  these  bleeders  a  trap 
which  will  work  automatically  and  remove  all  water  of  con- 
densation from  the  mains.  In  small  plants,  the  steam  for 
the  pumps  is  often  taken  from  the  under  side  of  the  main; 
this  brings  all  the  water  of  condensation  to  the  pumps,  but 
as  these  are  slow-moving  parts  with  plenty  of  clearance, 
there  is  not  the  same  danger  from  water  as  in  Corliss 
engines. 

The  exhaust  steam  from  the  compressor  engine  can  be  led 

into  an  exhaust  main  and  used  for  heating,  making  distilled 

water,  or  some  other  purpose.     A  valve  should  be  placed  in 

_     the  main  exhaust  from  the  compressor  engine  and  one  in 

■l  the  exhaust  of  each  pump,  to  prevent  steam  backing  up  into 

H  the  cylinders  when  they  are  not  in  use  or  are  being  packed. 
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Thr  water  aJiould  \te  talfcii  ffun  the  WAlcr-pump  to  lb« 
amniMnia  L-(indcnscr,  and  there  shnaM  ttc  a  braocb  pipe  tn 
the  water-] arket  lU  the  itiin press* t.  In  ats^  it  is  desln-il 
to  ran  the  engine  as  a  conftcnsing  engine,  the  overflow 
water  from  the  ammonia  condenser  can  be  utilized  as  cir- 
lating  water  for  the  steam  condenser.  This  is  quite  often 
done  at  a  verv  slight  additional  first  cost  and  an  increased 
economy  of  from  16  to  2ft^. 

The    ammonia   Cfinncctions   consist   of  a  discharge-pipe 
from  the  compressor  to  the  oil  trap,  and  one  from  the  (»l 
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trap  to  the  ammonia  condenser;  a  drain-pipe  from  the 
ammonia  cimdenser  to  the  ammonia  receiver;  the  expan- 
sion-pi])e  from  the  receiver  to  the  cooler  or  expansion  tank; 
a  gas  suction-pipe  fmm  the  expansion  coils  to  the  com- 
pressor; and  the  gaiiRe  pipes  commonly  known  as  the 
"head"  pressure  and  the  "back"  pressure,  these  name^ 
being  given,  respectively,  to  the  condensing  and  evaporating 
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pressure  of  the  siiiiiinnia.  Thi-  head -pressure  pipe  is 
usually  taken  from  the  diseharge-pipe,  and  the  back-pres- 
sure from  the  suction-pipe  to  the  compressor. 

Ordinarily  the  oil  from  the  oil  separator  is  drawn  out  by 
means  of  a  cock  G  (Fig.  34ti)  at  the  bottom  of  the  vessel; 
though  in  some  systems  a  connection  is  made  between  the 
oil  separator  B  and  the  gas  suction-pipe  D,  and  piston-rod 
stuffing-box  F  of  the  compressor.  By  this  means  a  small 
quantity  of  oilcan  be  fed  into  the  chamber  of  the  stuffing- 
box,  and  if  the  piston  rings  begin  to  groan,  some  oil  can  be 
allowed  to  enter  the  cylinder  through  the  suction-pipe.  If 
this  arrangement  is  used,  care  should  be  taken  to  fit  the 
pipe  running  from  the  oil  separator  B  to  the  suction-pipe  D 
and  stuffing-box  /-'with  a  strainer  A' for  straining  out  any 
impurities,  such  as  scale,  that  may  lodge  in  the  oil  separator. 
The  di.scharge-pipe  from  the  compressor  to  the  condenser 
should  be  fitted  with  an  air-valve,  or  cock,  at  its  highest 
point,  for  the  purpose  of  removing  air  from  the  condenser. 
A  drain  valve  should  be  tilted  to  the  under  side  of  the  bot- 
tom header  of  the  expansion  coils  for  removing  oil  from 
them,  and  a  charging  inlet  to  the  suction  side  of  the  com- 
pressor for  taking  in  anhydrous  ammonia  for  charging  the 
machine.  It  is  also  customary  to  provide  an  air-valve  on 
the  top  of  the  cylinders  in  single-acting  machines  and  on 
the  discharge-pipe  in  double-acting  machines  for  the  re- 
moval of  air  when  the  system  is  being  pumped  out  before 
charging.  In  making  the  suction  and  discharge  connec- 
tions to  and  from  the  compressor,  the  by-pass  connections 
described  in  Art.  1404  should  not  be  neglected,  as  these 
appliancesare  indispensable  for  a  successful  operation  of  the 
plant.  Besides  the  stop-valves  on  the  compressor,  a  valve 
should  he  placed  in  the  discharge  main  near  the  condenser. 
^-  one  in  the  suction-pipe  near  the  expansion  coils,  and  one  in 
^B  the  gauge  pipes.  All  pipes  and  fittings,  before  being  placed 
^B  in  position  and  after  being  cut  to  length,  should  be  well 
^H  hammered  and  thoroughly  blown  out  by  means  of  a  steam 
^H     hose  for  the  removal  of  dirt,  scale,  etc. 
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TESTISG. 

1481.  Klndn  of  Tetits. — Rcfrigerating-machines  of 
the  compression  type  are  usually  subjected  to  two  classes 
(jf  tests,  viz.,  the  pressure  test  and  the  vacuum  test.  The 
object  of  the  former  is  to  ascertain  the  strength  of  the  vari- 
(iits  parts  of  the  refrigerating-raachine  and  connections,  and 
also  the  lightness  of  all  joints,  etc..  and  that  of  the  latter  is 
to  determine  if  such  joints,  together  with  the  packing  of 
the  compressor  rod,  work  tight  in  a  vacuum.  It  often 
occurs  in  practice  that  a  piece  of  mechanism  that  is  per- 
fectly light  under  severe  pressures  leaks  in  a  vacuum. 

1482.  Tefttlntc  Water  and  Steam   Pipes -Before 

subjecting  the  machine  to  the  air-pressure  test,  all  the 
steam,  water,  waste,  and  exhaust  connections  should  be 
tested  by  turning  the  live  steam  in  the  steam-pipes  and 
subjecting  the  exhaust-pipes  to  a  slight  back  pressure,  by 
either  partially  closing  some  of  the  exhaust-valves  or  by  set- 
ting the  back-pressure  valve,  if  there  is  one.  The  water- 
pipes  are  usually  tested  by  throttling  the  inlet  water-valves 
to  the  condenser  and  water-jackets  of  the  compressor, 
whereby  a  pressure  exceeding  the  ordinary  working  pres- 
sure by  about  -Mt^  is  obtained. 

1483.  Packlns  and  Inspecttnic  tbe  Compressor. 

— Before  the  compressor  is  started,  its  cylinder  should  have 

a  careful  inspection,  and  all    grummets  which  were  put  on 

when  the  plant  was  being  erected  should  be  removed  from 

the  various  bearings.      As  a  rule,  many  of  the  compressors 

are  assembled  and  run  in  the  shops  of  tbe  builder.      There 

they  are  usually  subjected   to  an  air-pressure  test  and  all 

clearances  and  valves  are  adjusted;  but  transportation  and 

subsequent  erection  often   cause  derangements,  and  so  it  is 

necessary  to  examine  the  different  parts  of  the  compressor 

L  before  the  latter  is  even  turned  over  by    hand.      The  valve 

I  covers  are   first  removed  from  both  suction  and  discharge 

I  valves  and  the  cages  and  valves  are  taken  out.     The  valvr- 

I  seats  can  then  be  easily  seen  and  examined,  and  if  found 

^L        perfectly  true  and  clean,  are  left  in  place.     If,  however,  they 
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are  cut  in  any  way,  ur  if  the  valves  do  ni)l  lie  true  in  them. 
they  should  be  renmved  and  ground  lo  a  fit,  or  new  seats 
should  he  put  in.  Through  the  openings  of  the  suction  and 
discharge  valves,  the  inside  of  the  cylinder  of  the  compressor 
can  be  seen.  It  should  be  carefully  examined  and  cleaned, 
the  cylinder-head  being  removed  if  necessary  for  this  pur- 
pose. If  this  is  neglected,  there  is  danger  of  the  inner  walls 
of  the  cylinder  being  cut  before  the  parts  wear  down  to  a 
bearing.  If,  however,  the  cylinder  is  found  lo  be  in  com- 
paratively good  condition,  the  compressor  should  be  pinched 
around  by  hand  until  the  piston  is  on  the  dead-center  near- 
est the  removed  valve  covers.  Adjustment  for  clearance 
can  then  be  made  as  described  in  Art.   1386,  after  which 


the  valves  and  cages  c, 
bolted  into  place.  In  i 
the  clearance  at  both  t 
ined  and  the  clearanc 
When  the  crank  is  o 
should  be  made  on  the 


;placed  and  the  covers  can  be 
ase  the  compressor  is  double-acting, 
ids  of  the  cylinder  should  be  esam- 
:  space  divided  up  between  them. 
I  one  of  the  dead-centers,  a  mark 
;ross-head  and  also  on  the  guide,  for 


» 


the  purpose  of  identifying  the  location  of  the  piston  in  the 
cylinder  in  case  it  is  necessary  to  take  up  the  main  crank 

wrist-pin  bearings. 

The  next  thing  is  to  pack  the  piston  rod  of  the  engine 
compressor.     The  engine  piston  rod   may   be  packed 


L      Tl 
■and 
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with  any  ordinary  gimd  packing.  The  compressor  piston 
rod,  however,  should  be  packed  with  special  ammonia  pack- 
ing. If  metallic  packing  is  used,  that  known  as  "  Common 
Sense  "  will  be  found  to  give  very  good  results.  For  a  soft 
packing,  Garlock's,  Knowiton's,  or  Crandail's  ammonia  pack- 
ing may  be  used.  In  packing  these  compressors,  an  oil 
thimble  or  spool  C,  Fig.  34T,  is  usually  provided,  which 
divides  the  stuffing-box  into  two  parts.  This  appliance  is 
used  more  particularly  with  double-acting  compressors. 
The  oil  spool  G  is  connected  with  the  oil  supply  of  the  com- 
pressor by  the  hole  H,  and  a  certain  amount  of  oil  is 
allowed  to  euter  at  this  point  for  the  purpose  of  lubricating 
the  rod.  Some  of  this  oil  finds  its  way  naturally  into  the 
cylinder  and  serves  to  lubricate  the  piston  of  the  com- 
pressor. 

Seldon's  packing  has  been  found  very  satisfactory  on 
compressors  of  the  wet-compression  type.  As  freezing 
does  not  harden  or  disintegrate  it  to  the  same  extent  that 
it  does  packings  of  a  different  make,  this  packing  is  less 
likely  when  frozen  to  cut  the  rod. 


l-lS-4.     TbtfComprwHsor  Preitsure  TifMt. — After  the 

compressor  cylinder  has  been  thoroughly  inspected  and  the 
piston  rods  of  both  engine  and  compressor  packed,  the 
machine  is  ready  for  the  pressure  test  of  compressed  air. 
This  test  is  made  by  simply  turning  the  ammonia  pump  or 
compressor  into  an  air-compresst>r;  in  other  words,  making 
the  pump  suck  in  air  from  the  engine  room  and  discharge 
it  into  the  condenser  of  the  ice-machine.  Before  steam  is 
turned  on  the  engine,  however,  it  is  advisable  to  turn  the 
compressor  two  or  three  times  by  hand,  for  the  purpose  of 
seeing  that  all  parts  are  in  order  and  do  not  interfere  in 
any  way  with  one  another.  The  valves  of  the  steam  engine 
I'sbould  be  set  according  to  good  engineering  practice. 

Pig.  348  shows  the  general  arrangement  of  a  compression 
I  machine  for  brine  circulation.  ,/  denotes  the  compressor, 
\.G  the  brine  tank,  and  C  the  condensing  coils.  The  various 
I  fttop-valves  on  the  pipe,  such  as  L.  A",  C\  should  be  inspected 
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and  all  of  them  opened,  witli  the  exception  of  the  air-valves 
y,  X ,  £',  D'  ow  the  various  parts  of  the  apparatus.  The 
main  siiclion-valve  A'  at  the  compressor  should  then  l» 
closed  and  the  compressor  started.  It  will  have  no  source 
from  which  to  get  air,  and  after  a  few  revolutions  will 
exhaust  the  air  from  the  cylinders.  The  air-cock  O  on  the 
main  suction-pipe  is  now  slightly  opened  and  a  little  air  is 
admitted  to  the  suction  side  of  the  compressor.  This  « 
tend  to  slacken  up  the  speed  of  the  compressor,  which  is 
now  getting  air  and  doing  work  in  compressing  it.  After 
the  compressor  has  been  running  a  few  minutes,  the  head- 
pressure  gauge  will  begin  to  indicate  an  increase  of  pres- 
sure. When  the  pressure  has  risen  to  75  or  ino  pounds,  the 
drain  valve  E'  on  the  receiver  of  the  condenser  should  \yt 
opened  quickly.  This  will  allow  the  compressed  air  that 
has  accumulated  in  the  condenser  to  expand  and  blow 
any  dirt,  scale,  chips,  etc.,  that  may  have  collected  in  the 
coils  of  the  condenser.  This  operation  should  be  repeated 
several  times,  and  the  oil-separalor  valve  5' should  be  used 
alternately  with  E' .  When  the  compressor  is  first  started, 
the  oil  feed  to  the  suction  and  that  to  the  packing  should  he 
opened.  The  water  to  the  jacket  should  be  turned  on. 
is  essential  to  run  the  compressor  very  slowly  at  the  start, 
and  care  should  be  taken  to  run  sufficient  water  through 
the  jacket  to  keep  the  delivery  pipe  comparatively  cool. 
The  object  of  this  is  to  prevent  the  oil  that  enters  the 
cylinder  of  the  compressor  from  vaporizing.  If  this  vapor- 
ization takes  place  when  the  machine  is  worked  with 
ammonia,  the  oil  will  condense  again  in  the  coils  of  the 
condenser,  or  it  may  be  taken  out  by  means  of  the  oil  sepa- 
rator; but  when  the  machine  is  run  as  an  air-compressor, 
there  is  danger  of  the  vapor  from  the  oil  combining  w 
the  oxygen  of  the  air  and  forming  a  very  explosive  mixture. 
If,  however,  the  delivery  pipe  of  the  compressor  is  kept 
cool  by  running  sufficient  water  through  the  water-jacket 
and  keeping  the  speed  of  the  compressor  as  low  as  possible, 
there  is  little  danger  of  any  chemical  combination  taking 
place,      The   West   Virginia    black  oil    recommended   for 
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lubricatiny;  com  pressor  cylinders  has  a  very  high  fire  tesl, 
as  well  as  extremely  low  chill  test,  and  consequently  it  is  not 
very  liable  to  vaporize  in  the  compressor,  even  when  the 
latter  ts  used  as  an  air-compressor. 

After  the  coils  of  the  condenser  are  thoroughly  blown  out, 
the  expansion-valve  F  is  opened  wide  and  the  pressure  is 
allowed  to  rise  in  the  expansion  and  condenser  coils.  The 
back-pressure  gauge  Q  should  now  be  shut  off,  the  connec- 
tion between  it  and  the  slop-valve  broken,  and  the  stop- 
valve  Q  opened  quickly  several  times,  so  as  to  blow  out  the 
pipe.  The  same  should  be  done  with  the  high-pressure 
gauge  R  while  the  low-pressure  gauge  is  in  operation. 

After  the  various  parts  of  the  machine,  including  the  con- 
denser coils,  expansion  coils,  oil  trap,  etc.,  have  been  thor- 
oughly blown  out,  the  pressure  is  gradually  increased  on  the 
various  parts  up  to  300  pounds,  which  is  the  ordinary  air- 
test  pressure.  When  the  pressure  has  reached  this  limit, 
one  of  the  assistants  should  be  sent  around  to  inspect  all 
joints,  etc. 

The  air-inlet  valve  O  of  the  compressor  is  now  closed  and 
the  machine  is  shut  down;  the  main  suction-valve  K  is 
opened,  thus  allowing  the  full  300-pound  pressure  to  be 
exerted  on  all  parts  uf  the  machine.  A  careful  inspection 
should  be  made  of  the  jacket  water  to  see  if  there  are  any  air- 
bubbles  due  to  leaks  in  the  flanges  of  the  compressor  heads, 
valve  covers,  etc.  The  various  joints  may  now  be  inspected 
by  painting  them  with  soap-suds.  The  slightest  leak  can 
then  be  readily  seen  by  means  of  soap-bubbles.  The  machine 
is  now  allowed  to  stand  for  several  hours  with  the  test  pres- 
sure on,  the  pressure  gauge  being  carefully  watched  to  see 
if  there  is  any  drop.  If  all  the  joints  are  found  in  good 
order  and  the  apparatus  holds  the  pressure  for  a  considerable  ' 
time,  the  vacuum  test  may  be  made  next, 

I  1489.  Vacuum  Test.— The  main  delivery  valve  /.. 
Fig.  348.  is  first  closed  and  the  air-cock  P  is  opened.  The 
various  air-cocks  in  the  other  parts  of  the  apparatus  are 
opened  to  relieve  the    pressure.     After  the    pressure    has 
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dropped  tn  that  of  the  atmosphere,  all  the  air-cocks  ai 
flosed  except  P.  The  compressor  is  then  started  slowly. 
will  naturally  draw  the  air  through  the  main  suction -valve, 
and  as  the  main  delivery  valve  is  closed,  will  discharge  it 
through  the  air-cock  P.  Both  the  back-pressure  and  high- 
pressure  gauge  pipes  are  now  opened,  and  in  a  short  time 
the  gauges  will  register  a  drop  of  pressure  of  several  inches. 
The  machine  is  now  allowed  to  run  slowly  until  a  vacuum 
of  30  inches  is  indicated  on  both  gauges.  With  a  well-con- 
strucled  machine,  it  is  not  difficult  to  obtain  such  a  vacuum 
but  with  cheap  machines  having  large  clearances,  the 
vacuum  obtained  is  seldom  more  than  3C  or  28  inches.  As 
the  gauge  pressure  becomes  lower,  which  indicates  a  more 
perfect  vacuum,  the  amount  of  air  discharged  from  the  air- 
cock  on  the  delivery  valve  will  be  less  and  less;  finally,  it 
will  reduce  to  but  a  slight  breadth,  and  when  this  point  is 
reached,  it  will  be  seen  that  the  compressor  ceases  to  lower 
the  vacuum.  The  air-cock  P  on  the  delivery  line  is  now 
closed,  the  delivery  valve  /,  is  opened,  and  the  compressor 
is  allowed  to  stand.  If  the  machine  is  shut  down  over  night, 
the  gauges  should  still  indicate  30  inches  of  vacuum  on  the 
following  morning. 

The  gauge  pipes  are  then  shut  off  at  Q  and  7^',  the  con- 
nections near  the  gauges  are  broken,  and  the  pipes  to 
the  gauges  are  filled  with  oil.  The  oil  protects  the  gauges 
and  renders  their  readings  more  accurate. 


CHARUIMG    A\'D  OPRRAXING. 

1486.  ChurfcInK  tbe  Connectloaa. — After  the  ma- 
chine has  stood  the  vacuum  test  for  several  hours,  and 
all  joints,  packings,  etc.,  have  been  found  to  be  perfectly 
tight,  it  is  ready  for  charging  with  anhydrous  ammonia  and 
brine.  An  ammonia  drum  which  has  either  a  |  or  a  1  inch 
opening  is  connected  with  the  system  at  any  convenient 
point  of  the  expansion -pipe  or  the  expansion-coil  header  6"', 
Fig.  348,  by  means  of  theair-valveX'.     After  this  connection 
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is  made,  the  compressor  is  started  with  the  main  valves  A' 
and  L  wide  open  and  the  by-pass  valves  M  and  ,\''ckised  ;  all 


othei 


alve! 


i  left  c 


and  the  varions  air-valves, 
The  valve  on  the  ammonia  di 
and  the  pressure  in  the  pipet 
is  allowed  to  rise.  If  this  pipe 
s  opened  slightly. 


ept  the  drier  by-pass  valve  ./' 


o.  /',  /r. 


,   etc. 


iim  A'  is  then  slightly  opened, 
onnecting  -V  with  the  valve  .V 
s  found  to  be  tight,  the  valve  X' 
lonia  then  enters  the  expansion 
header  C,  passes  through  the  expansion  coils  in  the  expan- 
sion tank  C,  and  travels  by  the  various  pipes  to  the  com- 
pressor A.  From  there  it  is  discharged  through  the  oil 
separator  B  and  stored  in  the  condenser  C.  The  gas  can 
go  no  farther,  as  the  expansion-valve  /-*  is  closed.  The  feed 
on  the  valve  X'  can  be  so  regulated  as  to  keep  a  pressure  of 
from  10  to  15  pounds  on  the  back-pressure  gauge  Q, 

Before  the  compressor  is  started,  the  water  should  be 
turned  on  the  condenser  C  and  through  the  jacket  of  the 
compressor.  Care  should  be  taken  that  this  is  always  done 
before  starting  the  machine.  With  each  stroke  of  the  com- 
pressor, a  certain  quantity  of  ammonia  gas  is  taken  from 
the  expansion  coil  and  delivered  to  the  condenser.  The 
pressure  in  the  condenser  coils,  indicated  by  the  head-pres- 
sure gauge  R,  gradually  rises  until  the  pressure  reached  is 
sufficiently  high  to  condense  the  ammonia  in  the  coils  of  the 
condenser.  This  pressure  depends,  of  course,  on  the  tem- 
perature and  quantity  of  the  condensing  water.  After  this 
pressure  is  reached,  liquid  anhydrous  ammonia  will  he  seen 
to  accumulate  in  the  gauge-glass  E'  of  the  receiver  E, 
When  the  ammonia  drum,  or  flask,  becomes  empty,  the 
pressure  on  the  back-pressure  gauge  will  gradually  fall,  and 
the  drum  will  begin  to  frost  on  the  under  side.  The  valve 
on  the  drum  is  then  closed,  and  after  a  minute  the  valve  A'' 
is  also  closed;  the  connection  between  the  drum  and  A"  can 
then  be  broken,  with  the  loss  of  but  liiile  ammonia.  A 
second  drum  can  then  be  connected;  the  valve  on  it  is 
opened  slightly  for  testing  the  connecting  pipe,  then  the 
valve  X'  is  opened,  and  the  i>perations  just  described  are 
repeated. 
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1487*     UandllnK     Ammunta     Drums.  —  Flasks    or 

drums  for  anhj-dniiis  ammonia  are  made  of  steel  with  heads 
welded  in.      They  are  tested  to  a  heavy  pressure,  and  usu- 
ally hcild  one  hundred  pounds  of  the  liquid.     They  are  made-' 
sufficiently  large  to  hold  this  quantity  of  ammonia  and  stil 
leave  some  room  for  the  expansion  of  the  liquid  when  sub 
jected  to   heat.     Care   should   l>e   taken,  however,   not   i 
place  them  where  they  will  be  exposed  to  excessive  heat,  ; 
in  the  boiler  room,  or  where  they  can  receive  the  direct  rayl 
of  the  sun.      There  are  several  different   makes   of   these 
drums,  each  having  a  different  style  of  connection.     The 
rules  for  connecting  the  drums  are  given  by  the  manufac- 
turer and  should  be  carefully  followed  by  the  user. 

1488.  If  at  any  time  it  is  necessary  to  removt 
ammonia  charge  from  a  compression  machine,  this  may  be 
done  as  follows:  An  empty  ammonia  drum  is  connecled 
with  the  liquid-anhydrous  receiver  on  the  condenser,  and  the 
ammonia  drum  is  then  packed  in  ice  or  snow  and  set  oa 
scales.  The  cock  on  the  condenser  and  the  one  on  the 
ammonia  drum  are  then  opened,  when  the  pressure  in  the 
condenser  will  force  the  liquid  into  the  drum.  The  latter 
should  be  allowed  to  {ill  until  the  scales  indicate  that  about 
95  pounds  of  ammonia  have  entered  the  flask.  It  should 
then  be  shut  off  and  another  drum  connected  in  its  place. 
As  all  ammonia  drums  in  common  use  hold  100  pounds  of 
the  anhydrous  liquid,  there  will  be  room  enough  left  ir^  the 
drum  for  the  ammonia  to  expand. 

1  489.  Ammonia  Test. — While  the  pressure  is  being 
raised  in  the  condenser,  a  careful  man  should  be  s 
inspect  all  the  connections  and  note  any  leaks  that  the 
ammonia  pressure  may  show.  The  water-supply  over  the 
condenser  should  then  be  diminished  so  as  to  raise  the  head 
pressure  to  at  least  ".!ii(i  pounds,  and  all  joints  should  be 
again  carefully  examined.  If  any  leaks  of  a  serious  nature 
are  discovered,  the  charging  of  the  machine  should 
stopped  at  once  by  closing  the  valve  X',  Fig.  348;  t 
xpansion- valve  F  should  then  be  opened  so  that  the  gas 
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may  escape  into  the  expansion  coil  G.  thus  lowering  the 
pressure  in  the  rondenser.  If  the  pressure  is  then  suffi- 
ciently low  to  take  up  the  leak,  the  process  of  charging  can 
be  resumed  after  the  necessary  repair  has  been  made.  If, 
however,  the  leak  is  so  serious  as  to  necessitate  the  taking 
out  of  a  fitting  or  a  length  of  pipe,  it  is  necessary  to  pump 
all  gas  out  of  the  condenser.  This  is  done  by  closing  ihe 
two  main  valves  K  and  L  in  the  compressor  and  opening 
the  by-pass  valves  M  and  N.  This  makes  the  condenser 
the  suction  side  of  the  system  and  the  expansion  coils  the 
high-pressure  side.  The  compressor  is  then  kept  running 
until  the  head-pressure  gauge  A'  indicates  a  slight  vacuum. 
The  necessary  repair  can  then  be  made  and  the  expansion- 
valve  /'"  opened,  by  which  the  pressures  in  C  and  C  are 
again  equalised.  This  pressure  will  be  sufficient  in  all  prob- 
ability to  test  the  repair. 

If.  however,  no  serious  leaks  have  been  discovered,  the 
process  of  charging  can  be  continued  until  the  receiver  li  is 
about  two-ihirds  full  of  liquid  anhydrous  ammonia.  The 
expansion- valve  F'\a  then  gradually  opened  after  the  valve  ..V ' 
has  been  closed,  and  the  pressure  in  the  expansion  coils  is 
allowed  to  increase.  An  experienced  man  is  then  sent  to 
examine  all  the  coils  and  connections  on  the  suction  side  of 
the  compressor,  and  a  careful  test  is  given  these  connections, 
similar  to  that  made  for  the  condenser.  A  pressure  of 
150  pounds  is  usually  considered  sufficient  for  the  ammonia 
test  on  the  suction  side.  After  all  leaks  have  been  stopped. 
the  machine  is  ready  for  service.  If  the  system  is  of  the 
direct-expansion  type,  the  machine  can  be  started  at  once 
i.n  its  regular  work;  but  if  it  is  of  the  brine-circulating  type, 
it  is  necessary  first  tn  charge  it  with  chloride  of  calcium  or 
with  salt. 

I490.  Brine  CharsB.— The  ammonia  test  having 
been  successful  and  the  expansion  coils  having  been  found 
tight,  the  tank  is  filled  about  two-thirds  full  of  water' 
and  a  crib  is  placed  under  the  return  pipe.  Into  this  crib 
the   broken  chloride  of  calcium   or  the  salt  is  dumped  in 


am 


REFRIGERATING  AND 


small  quaniities.  The  brine-pump  is  then  started  and  a 
stream  of  water  turned  on  the  chloride  in  the  crib.  This 
stream  will  at  the  start  dissolve  the  chloride  vnvy  riipitUv 
until  the  water  in  the  tank  has  beoime  well  saturated,  li 
the  expansion  coils  remain  uncovered  after  the  brine  has 


reached  the  desired  density,  sufficient  water  should  be  run 
iuiD  the  tank  lu  cover  them,  and  enough  chloride  added  t" 
bring  the  brine  to  the  required  degree  of  saturation.  The 
method  of  connecting  the  brine-pump,  crib,  etc.,  is  shown  | 
in  Fig,  349. 

1491.  Starting  tbe  Machine. — Now  that  the  bnne  ] 
charge  has  been  made,  the  machine  charged  with  ammonia 
and  all  connections  tested,  the  apparatus  is  ready  for  ser-i 
vice.  Before  any  cooling  is  possible  in  the  room,  it  is] 
necessary  to  cool  the  brine  charge  below  the  freezing  puint.  V 
The  brine-pump  is  stopped,  the  water-pump  is  started.  ainLl 
water  is  run  over  the  condensers  and  through  the  water-  [ 
jacket  of  the  compressor.  As  the  temperature  of  the  brim  I 
is  probably  in  the  neighborhood  of  55°,  acum)>£iratively  high-J 
back  pressure  can  be  kept  in  the  expansion  coils.  As  ihef 
compressor  is  started  when  the  pressure  in  the  cxpansii>n  I 
coils  is  comparatively  high — Hil  to  lfli>  pminds — it  is  n 
sary  to  reduce  this  pressure  to  30  or  40  pounds  before  the  I 
brine  shows  any   perceptible  cooling.       The  main  suction  J 
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and  discharge  valves  K  and  L  {Fig.  348)  are  upened,  the 
by-pass  valves  M  and  N  are  closed,  F  and  J'  are  also  closed, 
and  the  compressor  ts  started.  The  back -pressure  gauge  will 
begin  to  indicate  less  and  less  pressure.  When  a  pressure 
of  30  pounds  is  reached,  the  expansion-valve  /'""  is  slightly 
opened,  and  care  is  taken  to  regulate  it  soas  tokeep  the  back 
pressure  between  ;!fl  and  35  pounds.  After  some  time  the 
brine  temperature  will  have  fallen  to  about  25°. 

The  brine-pump  can  now  be  started.  This  will  start  the 
circulation  in  the  room  and  also  that  in  the  brine  tank, 
which  will  help  to  cool  the  brine  more  rapidly.  The  expan- 
sion-valve y^can  be  closed  a  little,  so  that  the  back  pressure 
will  drop  gradually  as  the  temperature  of  the  brine  falls. 
The  machine  is  now  in  full  operation. 

If  at  any  time  the  compressor  cylinder  begins  to  groan, 
some  oil  should  be  pumped  into  the  suction-pipe.  Care 
should  also  be  taken  that  the  piston-rod  packing  is  well 
lubricated;  if  it  begins  to  heat,  the  gland  on  the  stuffing-box 
should  be  slackened  and  some  oil  pumped  in.  This  will  cool 
the  rod.  It  is  better  to  have  the  piston  rod  leak  a  little  the 
first  day  or  two  than  to  have  the  packing  so  tight  as  to  cut 
the  rod. 


14d2.     Expansion. — When  the  brine   has   cooled  to  a 
temperature  of  15°,  an  inspection  of  the  charge  should  indi- 
cate at  least  (J  inches  of  iic|nid  anhydrous  ammonia  in  the 
receiver  of  the  condenser  and  a  back  pressure  of  20  to  25 
■  pounds.     If,  however,  the  back  pressure  is  lower  and  there 
I  is  a  small  ijuantity  of  anhydrous  ammonia  in  the  recdver, 
\  another  drum   should   be   connected   up   and   its  contents 
I  pumped  into  the  machine.      As  shown  in  Fig.  3i8,  there 
I  is   one   main    expansion-valve    F  and  a   number   of    feetl- 
[  valves  H,  one  on  each  coil,  for  the  purpose  of  regulating 
[  the  amount  of  anhydrous  ammonia  being  fed  to  the  sepa- 
I  rate  coils.      These  valves    H  should  be  adjusted    once  for 
L.all,  so  as  to  proportion  the  amount  of  anhydrous  ammonia 
h  supplied    to    each    coil;    then    they  should    be    left    alone. 
\  The  total  amount  of  anhydrous  ammonia  expanded  should 


be  regulated  by  the  main  expEinsinn -valve  F.  It  the  cc 
pressor  is  working  properly,  llie  whole  action  of  the  machine 
hinges  on  the  proper  manipulation  of  the  expansion -valvi 
As  shown  in  An.  1 375*  a  low  back  pressure  is  detrimenlai 
tu  the  economical  working  of  a  compression  machim 
Therefore,  care  should  be  taken  to  carry  as  high  a  back 
pressure  as  possible,  and  at  the  same  time  avoid  overfeed- 
ing. The  best  indication  of  overfeeding  is  a  heavy  frost 
on  the  suction-pipe  of  the  compressur.  Nut  all  of  the  liquid 
anhydrous  ammonia  is  evaporated  in  the  expansion  coils. 
and  consequently  some  of  it  passes  over  to  the  compressor. 
The  evaporation  in  the  suction  end  of  the  cylinder  causes 
the  packing  of  the  piston  rod  to  freeze,  and  it  is  liable 
leak  as  soon  as  il  thaws  out  again.  The  greatest  danger 
from  overfeeding,  however,  arises  from  liquid  ammonia  < 
oil  entering  the  cylinder  of  the  compressor.  The  liquid 
being  incompressible,  its  presence  may  result  in  the  break- 
age of  a  cylinder-head  or  of  a  shaft,  or  the  derangement  of 
some  part  of  the  compressor.  The  action  in  this  case  is 
the  same  as  that  of  ai^steam  engine  taking  water  in  with  the 
steam. 

1493.  i^tauttlnii;  Uuwn  tbe  Macblae. — To  shut 
down  a  compression  machine,  the  main  throttle-valve  of  the 
steam  engine  is  closed,  care  being  taken  that  the  compressor 
does  not  stop  on  a  dead-center.  The  valve  on  the  oil 
feed  is  then  closed,  together  with  the  main  suction  and 
delivery  valves  A"  and  /,  and  the  expansion-valve  F.  The 
other  valves  may  be  left  open.  The  water-pump  is  then 
slopped  and  al!  the  drips  arc  iipened;  the  same  is  done 
with  the  brine-pump.  The  refrigerating  plant  is  now  shut 
down,  and  the  steam-boiler  plant  may  lie  shut  down  as  in 
ordinary  practice. 

1494.  Practical    Points   Uclatlnij:   to   the   Start* 

inff  of  the   Machine.— After  steam    is  up  in   the  boiler. 

the  first  thing  to  do  is  to  start  the  water-pump  and  see 
that  there  is  a  plentiful  supply  of  water  going  over  the  con- 
densers.    The  brine-pump  is  next  started  and  all  its  drips  arc 
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closed.  The  starting  of  the  brine  and  water  pumps  relieves 
the  main  steam-pipe  of  any  water  that  may  be  in  it  and  pre- 
vents the  boiler  from  priming  when  the  compressor  is 
started.  The  throttle-valve  is  opened  slowly  to  allow  the 
engine  cylinder  to  heat  up,  and  then  the  various  valves, 
exi'ept  the  expansion-valve,  are  opened.  After  making  sure 
that  the  water  is  running  over  the  condenser  and  through 
the  water-jackets,  the  compressor  is  slowly  started  by  opening 
its  throttle.  If,  however,  the  engineer  is  a  little  awkward 
in  starting  the  machine  and  gets  it  on  a  dead-center,  it  is 
necessary  to  pry  it  off  center  and  give  it  a  little  lead  before 
the  compressor  can  start  off.  In  case  of  a  big  machine,  it 
will  be  found  difficult  for  one  man  to  pry  it  over  center. 
The  best  thing  to  do  is  lo  equalize  the  pressure  on  both 
sides  of  the  compressor  piston  by  closing  the  main  valve  A", 
Fig.  348,  and  opening  the  by-pass  valve  M.  There  are 
notches  cast  in  the  rim  of  the  fly-wheel  at  regular  intervals 
for  the  purpose  of  inserting  the  pinch-bar;  they  provide  an 
easy  means  of  prying  the  machine  around. 

1495.  SuppHeis.— Crude  West  Virginia  black  oil, 
known  as  Mount  Farm  oil,  is  a  good  lubricant  for  com- 
pressor cylinders,  as  it  has  a  low  cold  lest,  a  high  fire  lest, 
and  is  inexpensive.  Albany  grease  may  be  used  on  the  main- 
shaft  bearings  and  on  the  other  parts  of  the  machine,  but 
it  is  particularly  suited  for  the  low  speed  and  large  bear- 
ng  surfaces  of  the  main  shaft.  If  a  composition  bearing 
gives  any  trouble,  the  bronze  may  be  cut  out  and  replaced 
by  hard  babbil  of  a  good  quality.  The  anhydrous  ammonia 
used  should  be  practically  free  from  foreign  substances, 
among  them  oil  and  water.  In  testing  the  liquid  for  impuri- 
ties, it  is  preferable  to  lake  a  sample  from  a  drum  that  has 
been  connected  with  the  machine  and  has  run  nearly  empty, 
as  all  the  impurities,  being  generally  heavier  than  the 
liquid  ammonia,  will  then  be  found  in  a  comparatively  small 
quantity  of  the  liquid. 

tl496.  Operating  Details — A  head  pressure  that  is 
tot)  high  is  usually  due  to  one  of  four  causes,  viz..  (1)  an 
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\ 


884  REFRIGERATING  AND 

insiitTicieiiL  waler-supply ;  (2)  too  small  a  condenser;  (3)  dirljr 
condenser  coils;  (4)  air  in  the  machine.  The  la^t -mentioned 
cause  is  the  most  commim  source  of  trouble.  To  remi 
the  air  from  the  condenser,  it  is  first  necessary  to  shut 
down  the  compressor.  After  a  few  minutes,  the  air 
have  risen  to  the  highest  point  in  the  system  and  can 
he  readily  drawn  nH  through  the  valve  /)'  (Fig.  :(48). 
do  this,  run  a  small  piece  of  pipe  from  the  valve  D"  into  a 
pail  of  water.  As  long  as  large  bubbles  come  to  the  sur- 
fai-e,  the  gas  being  drawn  out  is  either  air  or  some  impure 
hydrocarbon,  both  of  which  are  detrimental  to  the  success- 
ful operation  of  the  machine  and  should  be  removed. 
When,  however,  a  sharp,  rattling  noise  is  heard,  with  only 
a  few  small  bubbles  rising  to  the  surface,  the  valve  should 
be  closed,  as  those  are  the  indications  of  gaseous  ammonia. 
If  the  machine  is  then  started,  the  condensing  pressure 
will  be  found  to  have  dropped  considerably. 

The  condenser  coils  should  be  kept  perfectly  clean  by 
sweeping  them  off  with  a  broom.  In  c?.se  it  is  necessary 
to  use  muddy  water  coming  from  a  stream  or  brook,  these 
coiis  should  be  cleaned  at  least  once  every  twenty-four 
hours.  Keep  the  brine  charge  strong  enough  to  prevent 
the  formation  of  ice  on  the  coils,  since  this  greatly  affects 
the  efficiency  of  the  machine. 


ABSORPTION    MACHINE. 

ERECTION. 

1497.  Generator,  ^  The  generator  or  retort  should 
be  set  on  a  good  foundation  that  will  not  se'.tle  under  the 
weight  it  has  to  support.  If  horizontal,  it  should  be  per- 
fectly level.  The  analyzer  should  be  carefully  plumbed 
after  it  is  put  in  place.  The  analyzer  trays  or  plates  should 
then  be  placed  in  the  analyzer  and  each  tray  leveled,  so  as 
to  insure  a  good,  even  surface  for  the  liquor  to  travel  over. 
The  generator  should  be  provided  with  a  pair  of  gauge- 
cocks  for  indicating  the  quantity  of  aqua  ammonia   in  it, 
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and  al!  openings,  such  as  gas  and  liquor  connections,  should 
he  provided  with  valves  or  cocks  for  closing  them.  Upon 
completion,  the  generator  is  usually  covered  with  sonie 
non-condncting  material  to  prevent  radiation. 

1408.  Coadcneier  and  Kxpanwlon  Tank. — The 
general  rule  for  the  erection  of  the  condenser  and  expansion 
tank  of  the  compression  machine  applies  also  to  those  of 
the  ahsorption  type.  The  only  difference  consists  in  the 
method  of  connecting  the  expansion  coils,  which,  as  a  rule, 
feed  in  at  the  top,  the  suction  being  taken  from  the  bottom 
header.  It  is  the  usual  practice  to  put  in  a  gravity  connec- 
tion from  the  bottom  header  of  the  expansion  coils  to  the 
receiver  of  the  absorber,  for  the  purpose  of  draining  them 
of  any  water  that  may  have  been  entrained  with  the  anhy- 
drous gas  and  accumulated  there. 

1490.  Exchanger. — The  exchanger  is  usually  set  on 
top  of  the  generator,  in  case  this  is  horizontal,  or  alongside 
of  it  if  it  is  a  vertical  still.  This  should  be  covered,  as  well 
as  the  generator,  with  some  non-conducting  material,  such 
as  magnesia  blocks,  asbestos,  or  hair  felt. 

1 500.  i4.bsorber  and  Aqua-Animonla  Pump. — 
The  absorber  should  be  set  as  near  the  expansion  tank  as 
practicable,  so  as  to  decrease  the  length  of  the  suction-pipe. 
It  should  rest  on  a  good  foundation.  If  the  absorber  is  of 
the  tank  type,  the  foundation  should  be  made  similar  to  that 
of  a  submerged  condenser;  but  if  it  is  of  the  cylindrical 
type,  with  either  through  tubes  or  helical  coils,  the  founda- 
tion should  be  a  good  bed  of  concrete  well  tamped,  so  as  to 
prevent  the  absorber  from  settling  and  tipping.  It  is  quite 
important  that  the  ammonia  pump  should  be  placed  so  that 
the  receiver  of  the  absorber  is  higher  than  the  suction  of  the 
pump;  this  is  to  permit  the  liquid  or  strong  aqua  ammonia 
to  run  to  the  pump  by  gravity  instead  of  being  lifted  by  it. 
The  liquor  is  charged  with  ammonia  gas,  and  consequently 
any  lifting  action  on  the  part  of  the  pump  would  create  a 
slight  vacuum  and  liberate  the  gas;  the  pump  would  thus 
become  gas-bound  and  fail  to  fill  with  liquor.     The  aqua- 
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ammonia  pump  does  not  require  any  elaborate  foundation^ 
but  merely  such  n  one  as  an  ordinary  duplex  or  single-act- 
ing steani-pump  needs.  A  irast-inm  bed-plate  or  pan  is  a 
useful  addition,  as  it  catches  any  ammonia  or  steam  that 
may  leak  from  the  pump.  Relief-valves  should  be  provided 
tm  the  caps  of  the  suction  and  discharge  valves,  to  drain  the 
cylinder. 

1501.  UKctlfler. — The  absorption  machine  of  the 
present  day  is  usually  provided  with  a  rectifier,  for  the  pur- 
pose of  removing  any  entrained  moisture  that  may  pass  off 
from  the  analyzer  on  its  way  to  the  condenser.  The  recti- 
fier is  usually  placed  above  the  analyzer  with  a  gravity  drain 
to  the  analyzer.  Any  moisture  entrained  thus  collects  in 
the  rectifier  and  runs  through  the  gravity  drain  back  to  the 
analyzer.  To  prevent  any  gas  from  passing  up  through  the 
drain-pipe,  this  pipe  is  usually  provided  with  a  trap  or  seal. 
Care  should  be  taken  that  there  is  but  one  trap  in  this  pipe 
and  that  the  rest  of  the  drip-pipe  drains  back  to  the  analyzer. 
The  two  connecting  pipes  of  the  rectifier,  viz..  the  gas  lino 
from  the  analyzer  to  the  rectifier  and  that  from  the  recti- 
fier to  the  condenser,  should  drain,  respectively,  towards  the 
analyzer  a:Hl  the  condenser. 

1502.  Caugvit  and  Coanecclons. — Pressure  gauges 

should  be  attached  to  the  generator  (or  still),  to  the  absorber, 
and  to  the  expansion  coils  of  the  machine.  These  gauges 
are  steel-spring  Bourdon  gauges,  similar  to  those  used  in  the 
compression  machine.  There  should  be  a  valve  on  the  con- 
nection between  the  gauge  and  the  vessel,  so  that  the  former 
may  be  shut  ofl  in  case  it  is  necessary  to  repair  it.  The 
generator,  condenser,  and  absorber  should  be  supplied  with 
liquid  level  gauges,  the  one  on  the  absorber  being  usually 
run  open.  Air-valves  for  drawing  off  air  or  foreign  gases 
should  be  located  on  top  of  the  condenser  and  absorber  and 
on  the  absorber  receiver.  All  pipes  between  the  various 
vessels  should  have  valves,  so  that  any  one  can  be  discon- 
nected from  the  others. 
The  class  of   fittings  commonly  used  on  the  absorption 
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machine  are  either  gland  or  1 
fittings  are  not  satisfactory, 
ture  cause  the  soldered  joi 
always  run  from  the  bottoi 
receiver  of  the  absorber,  so 


ick-nut  fittings,  Soldered-joint 
as  the  wide  ranges  of  tempera- 
its  to  crack.  A  connection  is 
1  of  the  expansion  coils  to  the 
that  it  is  possible  to  drain  the 


expansion  coils  into  the  absorber  in  case  any  entrained 
moisture  passes  into  the  condenser  and  from  there  to  the 
coils.  This  connection  is  usually  known  as  a  blow-out  con- 
nection or  purge. 

The  generator  is  connected  with  the  live-steam  pipe  from 
the  boiler.  If  there  are  more  coils  than  one  in  the  generator, 
they  are  connected  by  means  of  a  header,  a  separate  valve 
being  placed  on  each  coil  for  the  purpose  of  shutting  it  off 
separately  in  case  it  leaks.  The  outlets  of  these  coils  are 
also  connected  to  a  header  with  separate  valves.  This  out- 
let header  is  usually  attached  to  an  ordinary  steam-trap,  so 
that  the  condensed  steam  passing  from  the  still  is  discharged 
by  means  of  the  trap.  The  steam-pipes  to  the  ammonia 
pump,  brine-pump,  and  water-pump  are  run  as  in  ordinary 
practice,  and  the  exhaust  is  taken  to  a  feed-water  heater. 
Where  an  absorption  machine  is  used  for  refrigerating  pur- 
poses, the  steam-trap  may  be  dispensed  with,  the  condensed 
steam  being  taken  to  a  boiler-return  trap  of  the  Biindy, 
Pratt  &  Cady,  or  Albany  type.  These  traps,  being  auto- 
matic, return  the  condensed  steam  to  the  boiler  without 
requiring  any  attention  on  the  part  of  the  engineer. 

The  water  connections  taken  from  the  water-pump  are 

usually    made    as    follows:     In    case    of    excessively    warm 

weather,  as  in    the   southern  States,   a  separate  supply  of 

water  is  taken  to  the  condenser,  absorber,  and  rectifier  of  the 

machine.     If,  however,   the   water   is   comparatively   cool, 

the  condenser  and  absorber  are  connected  in  scrit-s;  that  is, 

the  condensing  water  taken   from  the  condenser  is  passed 

|.  through  the  absorber.     This  makes  a  much  more  econom- 

lical  arrangement  of  the  water  consumption  of  the  plant, 

l-which  in  this  case  is  not  greater  than  that  of  a  good  corn- 

Ipression  machine,  the  amount  of  water  run  from  the  recti- 

rfier  being  about  equal  to  that  used  over  the  water-jacket 


of  the  ciimpression  machine.  The  waste  water  from  the 
absorber,  condenser,  and  rectifier  is  run  to  the  sewer,  or. 
in  iiise  "f  the  closed  system,  it  can  be  discharged  into  a  lank 
for  future  distribution. 

I503.  C«>IIii. — The  various  coils  in  the  absorber,  ii 
they  lire  water  coils,  should  be  arranged  so  that  ihey  can 
be  easily  blown  out  with  steam  or  compressed  air.  to  cleanse 
them  i)f  any  nuid  incrustation  or  scale  that  may  form  in 
them.  With  comparatively  good  water,  such  cleansing  is 
nut  necessary  nftencr  than  once  a  month,  but  where  river 
or  brook  water  is  used,  a  frequent  blowing  out  is 
especially  in  rainy  weather. 
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1504.     Cold-Water  or  Hydraulic-PresBure  Teat. 

— As  it  is  impossible  to  get  air-pressure  on  an  absorption 
machine  without  the  aid  of  an  air-compressor,  and  as  tht 
absorption  machine  is  so  constructed  and  connected  that 
the  various  parts  will  drain  naturally  into  the  absorber, 
hydraulic  pressure  is  used  instead  of  air-pressure  for  testing 
a  machine  of  this  kind.  The  machine  is  filled  with  water 
by  means  of  the  aqua-ammonia  pump;  then  the  pump  is 
allowed  to  run  slowly  until  a  pressure  of  at  least  30n 
pounds  IS  shown  by  the  pressure  gauge  of  the  machine. 
Any  leaks  are  then  made  tight.  The  various  parts  of  the 
machine,  however,  are  usually  tested  at  the  shop  of  the 
builders  to  a  hydraulic  pressure  of  5(Mi  pounds,  the  test  on 
the  ground  being  merely  for  the  purpose  of  determining  the 
tightness  of  the  various  connections  rather  than  the  actual 
strength  of  the  machine.  Besides,  by  filling  the  machine 
with  water,  its  various  parts  are  thoroughly  cleaned. 

In  order  to  fill  an  absorption  machine  with  water,  a  con- 
nection is  made  such  as  the  one  shown  tn  Fig.  :{5i"  The 
main  suction-pipe  C  is  provided  with  a  tee  C,  from  which 
a  temporary  suction-pipe  B  is  run  nearly  tn  the  bottom 
of  a  barrel  F.  A  hose  or  direct  hydrant  connection, 
fitted  with  a  cock  £,  serves  to  fill  the  barrel.     The  valve  (" 
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is  first  closed  and  the  valves  A'  and  />'  are  opened ;  i 
pump  is  sidwly  started  and  the  water  is  pumped  i 
machine.  The  cock  /i 
is  so  regulated  as  to 
keep  the  water  in  the 
barrel  at  a  constant 
level.  The  pump  de- 
livering the  water  into 
the  machine  will  first 
fill  the  coil  of  the  ex- 
changer (7  {Fig.  :i5l), 
from  which  the  water 
will  flow  through  the 
pipe  A'  into  the  analy- 
zer and  from  there  into 
the  generator.  Hav- 
ing filled  the  generator,  the  water  fills  the  analyzer  and  rises 
through  the  pipe  5  and  the  drip-pipe  M  into  the  rectifier  B. 
The  air-cock  £'  on  the  rectifier  is  closed  when  water  is  found 
to  run  out  of  it.  After  filling  the  rectifier,  the  water  will  run 
to  the  condenser  C,  from  there  to  the  expansion  tank  D,  and 
then  to  the  absorber  £.  When  water  begins  to  run  out  of 
the  upper  air  purge  E'  on  the  absorber,  the  system  is  com- 
pletely filled,  the  exchanger  having  been  filled  by  opening 
the  valves  Q'  and  6".  All  the  air-vaives  are  nf>w  closed, 
and  the  absorber  pressure  gauge  {/  and  the  cooler  pressure 
gauge  Fare  shut  off  by  the  cocks  £'" and  i'.  The  aqua- 
ammonia  pump  is  now  run  very  slowly,  and  with  every 
stroke  the  pressure  will  be  seen  to  rise,  as  shown  by  the 
gauge  2r.  When  this  pressure  has  reached  150  pounds,  a 
man  is  sent  around  to  examine  all  joints,  etc.,  for  leaks.  If 
any  are  found,  the  pump  is  shut  down,  the  pressure  is 
relieved  by  opening  one  of  the  air-cocks,  and  the  joint  is 
tightened.  After  it  has  been  ascertained  that  all  the  joints 
are  tight  at  a  pressure  of  150  pounds,  the  pump  is  again 
started,  and  the  pressure  is  gradually  raised  until  the  gauge 
2  indicates  300  pounds.  As  most  ammonia  gauges  are 
graduated  up  to  only  that  pressure,  it  is  not  advisable  to 
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attempt  to  raise  the  pressure  any  higher.  When  the  pressure 
has  reached  this  point,  the  main  delivery  valve  O'  is  closed, 
and  the  pressure  is  allowed  to  remain  on  the  machine  fur 
at  least  half  an  hour.  If  no  leaks  are  discovered,  the 
machine  is  ready  for  the  next  operation, 

1505.  Steamlne  Out.— While  the  pressure  is  still  on 
the  machine,  the  gauge  connections  are  broken  and  the 
gauges  are  blown  out  to  clean  them.  The  purpose  of  steam- 
ing the  machine  is  to  clean  it  thoroughly,  lo  heat  the  joints, 
so  that  they  can  be  easily  taken  up,  and  lo  drive  out  theair. 
In  order  to  effect  this,  the  following  method  is  usually 
adopted:  The  various  air-cocks  B\  C,  E',F'  (Fig.  !I5I)  and 
the  drain-cock  A'  are  opened,  and  the  water  is  allowed  to 
run  out  of  the  machine  until  the  various  vessels  and  the  coils 
in  C.  D,  /:,  C,  and  B  arc  empty  and  the  generator  A  is 
about  half  full.  The  air-cocks  are  then  closed  and  steam  is 
gradually  admitted  to  the  generator  coil  by  means  of  the 
valve  X;  this  heats  the  water  in  A  until  it  gives  off  steam. 
The  valve  A'  is  gradually  opened.  The  steam  generated  in  A 
passes  up  through  the  analyzer  and  into  the  rectifier  li, 
and  from  there  it  passes  to  the  condenser  C,  driving  out 
through  the  various  air-cocks  any  air  there  may  be  in  these 
vessels.  The  expansion-pipe  A',  which  was  broken  to  drain 
the  condenser  of  any  water  that  it  might  contain,  is  again 
connected,  and  the  steam  is  allowed  to  enter  the  expansion 
coils  D\  from  there  the  steam  travels  through  the  gas-pipe/ 
into  the  absorber  E.  It  will  be  necessary  to  carry  a  steam 
pressure  of  about  50  pounds  in  the  generator  coil,  which 
will  give  about  30  pounds  pressure  in  the  generator,  as  indi- 
cated by  the  gauge  Z;  but  by  the  time  the  steam  gets  to 
the  absorber  A',  there  will  be  but  little  pressure,  owing  to 
condensation  and  wire  drawing.  If  the  valves  C  and  C  are 
opened,  the  boiling  water  in  A  will  find  its  way  through  the 
enchanger  (7  into  the  absorber  /;,  as  the  difference  in  pres- 
sure between  the  generator  and  the  absorber  will  be  suffi- 
cient to  force  the  water  into  the  latter.  The  ammonia  pump 
is  now  started  with  the  main   suction-valve  /"opened;  it 
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will  take  the  condensed  steam  and  hot  water  from  the 
turn  of  the  absorber  /i  and  discharge  it  into  the  exchanger Cj 
and  thence  into  the  analyzer.  The  pump  should  be  kcp 
running  slowly  and  the  water  circulating  for  an  hour  e 
more,  so  as  to  cleanse  the  absorber,  exchanger,  generator,  aa 
analyzer  ihoniughly.  The  air-valves  can  be  left  open  on  moa 
of  the  other  vessels,  and  the  connection  on  the  expansion 
pipe  A'  can  be  partially  broken,  so  that  any  condensed  steai 
will  run  out  from  these  various  drains.  This  will  insure  th 
expulsion  of  all  air  and  the  washing  out  of  dirt,  scale,  an 
iHher  foreign  substances. 

After  the  machine  has  been  under  steam  for  several  hoiir 
and  when  it  does  not  show  any  more  dirt  in  the  steam,  tb 
various  air-valves  are  left  open,  the  absorber  is  pumpa 
empty,  and  the  water  remaining  in  the  generator  is  blowi 
out  from  the  drain  valve  A'.  The  flange  connection  on  tbi 
line  C  also  is  broken,  so  as  to  drain  the  exchanger  of  an] 
water  that  it  may  contain.  After  all  the  water  is  out  of  ifai 
system,  steam  is  still  left  in  the  generator  coil,  which  super 
heats  the  steam  in  the  generator  and  prevents  any  air  from 
entering.  When  no  more  steam  escapes  from  the  varioiut 
air-valves,  which  indicates  that  the  pressure  in  the  machino 
has  dropped  to  that  of  the  atmosphere,  those  valves  should 
be  closed.  The  various  stop  and  expansion  valves,  such 
N-,  S\  /}■.  r,  A",  H;  Q\  0\  and  C  should  be  closed,  so  that 
after  the  steam  is  condensed  and  a  vacuum  formed,  the  air 
that  ntay  leak  into  any  leaky  part  may  not  fill  the  other 
parts.  When  the  vessels  coo!  down,  the  various  rubber  joints 
shonid  be  drawn  up,  as  the  heal  has  softened  the  rubber  uni 
makes  it  possible  to  draw  such  joints  up  easily.  The 
machine  is  now  ready  for  charging. 

I  5<>6.  Cliaricinic  the  System. — In  order  to  charge 
the  machine  with  aqua  ammonia,  the  same  arrangement  of 
piping  is  used  as  that  shown  in  Fig.  350.  but  the  barrel  F  \t 
replaced  by  an  aqua-ammonia  drum.  Aqua  ammonia  comu 
in  wri>ught-iron  glycerine  drums  holding  T.'io  pounds  of, 
ammonia.     Each  drum  has  a'2^-inch  bung  screwed  in. 
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Having  removed  the  bung  of  one  of  these  drums.a  suction- 
pipe  B  is  passed  through  the  bung-hole  and  is  then  attached 
to  the  elbow  of  the  auxiliary  suction-pipe.  The  pipe  B 
reaches  to  within  an  inch  of  the  bottom  of  the  drum.  As 
there  is  a  vacuum  in  the  machine,  when  the  valve  />''  in  the 
auxiliary  suction-pipe,  the  delivery  valve  A',  and  the  valve  C 
in  the  main  suction-pipe  are  all  opened,  aqua  ammonia  will 
be  drawn  into  the  absorber  and  exchanger  of  the  machine. 
Care  should  be  taken  to  sound  the  drum  for  the  purpose  of 
determining  the  level  of  the  liquor  in  it.  This  may  be  done 
by  means  of  a  small  stick  passed  down  through  the  bung- 
hole.  By  placing  one's  ear  on  the  suction-pipe  near  the 
drum,  one  can  easily  tell  when  the  drum  is  empty  by  the 
gurgling  sound  due  to  incoming  air. 

The  auxiliary  suction-valve  C ,  Fig.  350,  is  now  closed,  the 
pipe  entering  the  drum  is  detached  from  the  elbow,  and 
another  drum  is  put  in  place  of  the  (irst.  Then  the  various 
stop- valves,  such  as  5'.  T,  etc.  (Fig.  331),  are  opened  and  as 
much  ammonia  is  let  into  the  absorber  and  generator  as  the 
vacuum  will  permit.  The  main  suction-valve  to  the  absorber 
is  then  closed  and  the  ammonia  pump  is  started.  When  the 
gauge-glass  on  the  generator  shows  that  the  latter  is  full  of 
ammonia  liquor,  the  pump  is  stopped,  the  auxiliary  suction- 
valve  is  closed,  and  the  main  suction-valve  is  opened.  The 
machine  is  then  ready  for  generating  ammonia  gas. 


1S07.     The  liquid  ammonia  in  the  generator  is  gradually 

heated  by  turning  steam  on  through  the  valve  .V.   When  the 

generator  is  heated  to  the  boiling  point  of  the  liquid,  the 

pressure  gauge  Z  will  indicate  from  :5U  to  fiU  pounds.     As 

all  the  main  stop-valves  are  open,  this  will  be  the  pressure 

in  alt  the  vessels  of  the  machine.     Before  proceeding  with 

the  test,  a  person  is  sent  around  to  inspect  each  joint  care- 

^L     fully.      If  all  joints  are  tight,    the   steam  pressure  in  the 

^1     generator    coil    is   allowed   to   rise,    thereby   increasing   the 

^P      pressure  of  the  ammonia  in  the  generator.      If  the  tempera- 

^P     ture  of  the  condensing  water,  which  is  now  turned  on  to 

^1    the  rectifier,  condenser,  and  absorber,  does  not  exceed  60°, 
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liquid  anhydrouii  ammonia  will  be  seen  to  accumulate  in 
the  ri^eiver  L  ^^{  ihe  condenser  when  the  pressure  reaches 
\%(S  pounds.  After  the  pressure  has  reached  60  pounds,  as 
indicated  liy  Z.  the  cocks  V  and  }"  are  opened  and  the 
expansion -valve  A''  is  closed.  The  closing  of  this  valve 
prevents  any  of  the  liquid  ammonia  from  passing  into  the 
expansion  coils.  The  valve  Q'  is  opened  full,  and  the  valve 
G'  is  opened  one  ur  two  turns,  so  as  to  allow  a  small  quantity 
of  the  aqua  ammonia,  from  which  the  gas  has  partially 
evaporated,  to  pass  over  into  the  ahsorber.  When  enough 
liquor  has  entered  the  absorber  so  that  it  can  be  seen  in  the 
absorlier  gauge-glass,  the  ammonia  pump  is  started  and 
kept  running  at  such  speed  as  to  keep  the  level  of  the  liquor 
in  the  absorber  constant.  The  valves  y  and  H'  are  now 
cli>sed.  The  pressure  denoted  by  ^'will  gradually  drop  to 
that  of  the  atmosphere,  but  is  not  likely  to  fall  below 
atmospheric  pressure,  as  there  will  be  sufficient  air  left  in  E 
to  prevent  the  pressure  from  dropping  betow  that  point. 
Samples  for  testing  the  specific  gravity  of  the  ammonia  can 
now  be  taken  ;it  F'. 

The  steam  pressure  in  the  generator  coil  is  next  gradually 
increased  until  it  reaches  the  full  boiler  pressure.  When  it 
has  reached  that  point,  the  ammonia  pump  is  stopped  and 
the  valve  G'  is  closed.  The  machine  is  now  allowed  to 
generate  gas  from  the  liquor  that  is  left  in  the  generator. 
The  nearer  the  steam  pressure  approaches  the  condensing 
pressure,  the  more  complete  will  be  the  distillation — that  is, 
the  less  ammonia  gas  will  be  left  in  the  aqua  ammonia  in 
the  generator.  After  this  process  of  distilling  has  gone  on 
for  an  hour,  the  specific  gravity  of  the  liquor  Is  tested  by 
means  of  the  cooling  apparatus  shown  in  Fig.  352,  which  is 
attached  to  the  valve  A'.  It  consists  of  a  col!  C  of  small 
pipe  placed  in  a  bucket  H  of  ice-water,  and  a  hydrometer 
jar  D.  The  latter  is  slowly  filled,  care  being  taken  that  the 
temperature  of  the  liquor  does  not  exceed  60°,  This  can  be 
done  by  running  the  liquor  very  slowly  out  of  A' .  When 
several  samples  are  taken,  the  coil  C  should  be  emptied  before 
taking  each  sample,  so  as  to  obtain  the  liquor  for  each  test 
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more  nearly  in  the  same  state  as  that  of  the  liquor  in  the 
generator. 


Table  30  gives  the  lowest  possible  specific  gravity  to  which 
a  solution  of  ammonia  can  be  reduced  under  various  steam 
and  condensing  pressures.  Thus,  for  a  maximum  steam  pres- 
sure of  00  pounds  and  a  condensing  pressure  of  ISO  pounds, 
13)°  Beaum^  is  the  lowest  possible  specific  gravity  that  can 
be  obtained. 

TABI.K  30. 


Steam  Pressure  in 
Generator,  Pounds. 

Am 
1(K) 

1-iO 

i>n<lensinK  Press 
13.')         l.iU 

lire,  Pounds. 
1115        1«0 

liO 

i:(.5 

15.11 

ir.  0  i  i<;.5 

ir.o  1  is.o 

rii 

12.5 

U.O  1   15,0  1   lil.O 

1(1.3    ir.o 

80 

Vi.O 

i;t.O  1    U.5      15.0 

15.5      IG.O 

510 

11.0 

I-Mi     i:!.o     i;t.5 

U.5      15.0 

lOO 

11.5      l-i.5      13.5 

14.0      U.5 

120 

11.5      Id.O 

i;i.«     la.s 

'            ■ 

-^^ 

— ^  - .  — .-  ^  i,_  t^  k. 

^^   —  ■  "^L/  '~ 

e.  :» 

r         jaa 


^»^»<— Sift       .      '»ga 


liiniXE-r;.     3e  a-  3i»Ii)' 


mr..    mti  Pi-. 

n-:;   :Z5  l-i^-l  ^^  -^•■wr.  by 
WT^  I3en  b>i  :'■  end  that 


It  t 
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prevent  pitting,   for  thr 
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15O0.     Ctaarfflofc   with    Anhydroutt   Ammnnla.— 

At  any  time  during  the  summer  season,  when  the  machine 
is  found  to  need  more  ammonia  and  can  not  be  shut  down 
long  enough  to  distill  off  anhydrous  from  aqua  ammonia  as 
described  In  the  previous  article,  the  charge  may  be 
strengthened  by  using  anhydrous  ammonia.  This  is  done 
while  the  machine  is  in  regular  operation.  The  anhydrous 
drum  is  connected  with  the  valve  A"  (Fig.  351)  and  the 
expansion-valve  A"  is  closed.  The  cock  on  the  drum  is  then 
opened  wide  and  A''  is  used  as  a  temporary  expansion- 
valve.  This  allows  the  ammonia  in  the  condenser  to 
accumulate  in  the  receiver  L.  After  the  first  drum  is 
empty,  a  second  one  is  attached,  and  so  on,  until  the  gauge- 
glass  on  the  receiver  L  shows  that  there  is  a  good  supply  of 
anhydrous  ammonia  in  the  machine.  The  valve  K'  is  then 
closed,  the  expansion-valve  K'  opened,  and  the  machine  is 
allowed  to  feed  as  before. 

1510.  ExpelUnK  the  Air.  —  Before  the  machine  is 
ready  for  work.  It  i.s  necessary  to  expel  all  air  and  other 
extraneous  gases,  whose  presence  is  ascertained  by  filling 
the  absorber  with  liquid  ammonia,  as  explained  in  the  pre- 
ceding article.  If,  when  this  is  done  and  the  liquor  is 
allowed  to  cool,  the  gauge  U  still  indicates  a  pressure,  the 
air  (or  other  gases)  should  be  allowed  to  escape  through  the 
valve  E'.  To  know  when  all  the  air  and  extraneous  gases 
have  been  expelled,  a  small  pipe  is  connected  with  the  purge 
valve  £',    the    other   end   being  immersed  in  a  bucket  of 

\  water.     A  sharp  rattling  sound  and  an  absence  of  bubbles 

indicate   the  pressure  of  ammonia  and   show  that  the  air 

I   and  other  gases  are  all  out ;  so  long  as  the  latter  remain,  the 

[  water  is  very  much  agitated  ;ind  the  hubbies  are  abundant. 

1511.  HtartlnK  the   Machine:. —  After  the  air  and 

f  other  gases  have  been  e.tpelled  from  the  absorber,  the 
ammonia  pump  is  started  and  the  steam  is  gradually  turned 
I  on  to  the  generator,  When  a  pressure  of  130  or  UIU  pounds 
L  Jus  been  reached,  the  valves  ,V'  and  N'  are  opened  and  the 
Vwatcr  is  turned  on  to  the  rectitier,  condenser,  and  absorber, 
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TbcM  valves  should  be  npened  slightly  so  as  noc  to  c 
Um  strong  a  current  between  the  rectifier  and  the  genera- 
tor, a»  the  difference  between  the  pressures  in  these  two  res- 
aels  may  be  considerable.  Next,  the  valve  7"  is  opcoed 
slighlty.  The  generator  pressure  now  extends  to  all  the 
high-pressure  parts  (if  the  machine.  The  valves  Q"  ^aif 
are  next  opened;  the  expansion-valve  A"  is  opened  a  very 
little  until  the  gauge  Y  indicates  15  to  20  pounds;  then  C  is 
slightly  opened,  allowing  some  weak  liquur  to  enter  the 
abtiorbcr.  As  so<jn  as  the  liquor  is  seen  in  the  gauge-glaa 
of  the  absiirbcr.  the  suction-valve  f  and  the  delivery  valve 
O'  arc  opened  and  the  ammonia  pump  F  is  started.  The 
pump  is  run  at  such  a  rate  as  to  keep  the  liquor  in  the 
gauge-glass  on  the  absorber  at  a  constant  level.  The 
machine  is  now  doing  regular  work,  co(»ling  the  brine  in  the 
brim:  tank  /', 

Xfil'i,.  l,liiiltation»  of  CapuvUy. — With  an  absorp- 
tion machine  well  charged,  in  good  condition,  and  making 
anhydrous  ammonia,  there  will  be  found  twocauses  limiting 
the  capacity  of  the  machine:  viz.,  (1)  the  steam  pressure 
in  the  generator,  and  (d)  the  quantity  of  liquor  circulated 
between  the  generator  and  the  absorber.  For  horizontal 
generators,  the  pressure  of  steam  carried  on  the  generator 
is  usually  about  \  of  the  ammonia  condensing  pressure. 
For  instance,  if  the  condensing  pressure  is  150  pounds,  the 
steam  pressure  in  the  generator  will  be  about  5(»  pounds. 
There  is  no  fixed  law  or  rule  for  machines  having  vertical 
stills,  and  great  care  must  be  exercised  in  not  having  too 
strong  a  charge  or  too  high  a  steam  pressure,  or  there  is 
danger  of  "boiling  over  "—that  is,  the  generation  of  the  gas 
being  very  rapid  in  the  still  and  the  liberating  area  being 
comparatively  small,  the  whole  charge  in  the  still  may  be 
blown  into  the  condenser.  The  quantity  of  aqua  ammonia 
circulated  should  not  exceed  one  gallon  a  minute  per  ton  of 
ice  made  [wr  34  hours,  or  half  a  gallon  per  ton  of  refrigera- 
ting effect. 

Having  started  the  amniniiia    pump  at  the  proper  speed. 
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the  we;ik-liquor  valve  G'  is  so  regulated  that  the  quantity  of 
ammonia,  as  shown  by  the  alisurljer  gauge-glass,  will  remain 
constant.  The  amount  nf  feed  depends  largely  upon  the 
frost  on  the  suction-pipe  y.  When  the  brine  is  cooled  down 
to  15"  or  20°,  this  frost  should  come  close  to  the  absorber, 
without,  however,  entering  the  absorber  itself. 

Example.— An  abwirplion  machine  has  a  double-actinn  amniDnia 
pump,  the  cylinder  «(  which  \%  2^  inches  in  diameterand  the  strnke  is 
"  inches.  The  capacity  "i  the  machine  is  10  Ions.  How  fast  shiiuld 
the  pump  run  ? 

Solution.— The  number  of  gallons  of  ammonia  circulated  per  min- 
ute is  i  X  10  =  S,  which  is  equal  to  5  X  331  =  1,105  cubic  inches.  The 
volume  of  the  cylinder  =  j  X  (31)'  X  "  =  84.36  cu.  in.  As  this  is  the 
quantity  of  ammunia  pumped  per  stroke,  the  number  of  strokes  neces- 
sary to  pump  1,15S  cubic  inches,  that  is.  the  number  of  strokes  per 
minute,  is ^j-^ -33.6.  Thenumber.iE  revolutions  per  minute  ishalf 
ot  this,  or  16.8.    Ans. 

1513.  Defective  W^urklne- — If.  after  the  machine 
has  been  running  some  time,  the  pressure  on  the  gauge  V 
(Fig,  351)  gradually  falls,  while  the  temperature  of  the  brine 
remains  constant,  this  is  an  indication  that  the  machine  is 
not  making  anhydrous  ammonia.  The  usual  remedy  for  this 
is  to  run  more  water  over  the  rectifier  coil  B,  so  that  more 
ammonia  will  condense  in  the  coil  and  return  to  the 
analyzer  through  the  line  M. 

Another  indication  of  poor  working  is  the  fall  of  the  level 
of  the  liquid  in  the  generator  while  remaining  constant  in 
the  absorber.  This  means  that  some  of  the  aqua  ammonia 
in  the  generator  is  working  over  into  the  condenser,  and 
from  there  into  the  cooler  expansion  coils,  where  it  remains. 
In  order  to  drain  out  these  coils,  the  valve  H'  is  opened 
slightly  until  the  pipe  H  is  frosted  all  over.  This  valve 
should  not  be  opened  too  much,  or  the  ammonia  pump  F 
will  begin  "kicking"  on  account  of  the  liquor  getting  too 
strong  in  the  absorber;  but  if  opened  slightly,  the  liquor 
will  gradually  drain  out  of  the  expansion  coils  and  be  car- 
ried over  into  the  generator  by  means  of  the  aqua-ammonia 
pump. 
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QL'AXTITV  OF  WATER    L'SED. 

1614.  /teelijirr. ^The  amount  nf  water  delivered  to  the 
rectifier  should  be  governed  by  the  temperature  of  the 
pipe  T,  wbtch  ts  kept  from  15°  to  Si>°  higher  than  that  ••f 
the  condensing  vrater. 

Cou'lemtr  and  Absorhtr. — Sufficient  water  should  be  run 
over  the  condenser  tc  keep  the  head  pressure  as  luw  as  possibiv, 
and  enough  over  the  absorber  to  keep  the  utitlet  water  below 
110".  If,  however,  it  is  not  possible  to  get  enough  water 
to  produce  a  sufficiently  low  temperature,  a  watcr-CKoIing 
tower  or  gradier  may  be  installed  with  economy,  as  the 
fuel  consumption  will  increase  as  the  quantity  of  water 
is  decreased.  In  a  well-designed  absorption  machine,  two 
gallons  of  water  at  60*^  per  ton  of  refrigerating  effect,  or 
four  gallons  per  ton  of  ice  made,  is  usually  sufficient.  This 
quantity  must  be  increased  as  the  temperature  of  the  water 
increases. 

Weak-LiqiiKT  Cooler. — If  either  the  absorber  or  the  ex- 
changer of  a  machine  is  too  small,  and  on  this  account  the 
weak  liquor  entering  through  the  exchanger  G  is  very  hoi, 
a  cooling  coil  may  be  inserted  between  the  exchanger  and  the 
absorber.  The  weak  liquor  from  the  exchanger  enters  the 
bottom  of  this  coil,  the  outlet  of  which  at  the  top  is  con- 
nected to  the  absorber.  "Water  is  allowed  to  trickle  over  this 
coil,  the  arrangement  being  similar  to  that  of  an  atmos- 
pheric condenser.  Stich  a  coil  will  increase  the  capacity  'A 
the  machine  from  10  to  IS^. 

l>OINTS    ON   OPERATING. 

1515.  Specific  Gravity  of  Liquor. — In  the  major- 
ity of  absorption  macliines.  the  weak  liquor  leaves  the  gen- 
erator at  from  18  to  30  degrees  Beaume,  and  the  strong 
liquor  leaves  the  absorber  al  from  !i5  to  :(()  degrees  Beaume. 
The  specific  gravity  of  the  liquor  in  the  generator  depends 
upon  the  steam  pressure,  the  condensing  pressure  of  the 
ammonia,  and  the  amount  of  steam-coil  surface;  that  of 
the    liquid    in    the    absorber    upon    the    temperature   anil 
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quantity  of  the  cmidenHing  water,  the  surface  in  the 
absorber,  and  the  back  pressure.  Oftentimes  the  specific 
gravity  of  the  strong  liquor  is  taken  in  order  to  ascer- 
tain whether  the  machine  is  sufficiently  charged.  But 
such  specific  gravity  does  not  indicate  the  strength  of  the 
charge.  For  example,  if  with  a  heavy  charge  in  the  machine 
and  a  light  feeding  at  the  expansion-valve,  the  back  pres- 
sure is  made  to  run  low,  the  specific  gravity  of  the  liquor 
ill  the  absorber  becomes  correspondingly  low.  If  there  is 
plenty  of  water  passing  through  the  absorber,  a  good  charge 
of  aqua  ammonia  in  the  machine,  and  the  strong  liquor  is 
not  so  strong  as  it  should  be,  the  cause  is  probably  either  air 
or  foul  gas  in  the  machine  or  dirt  in  the  coils  of  the  absorber. 
These  coils  should  be  kept  clean  by  blowing  them  out  occa- 
sionally with  steam  or  compressed  air,  the  latter  being  pref- 
erable if  available.  If  very  hard  water  is  used,  such  coils 
should  be  blown  out  at  least  once  a  week.  After  giving  the 
absorber  a  thorough  cleaning  and  purging  it  free  of  air,  the 
specific  gravity  of  the  strong  liquor  will  be  found  to  have 
increased  by  several  degrees. 

1516.  Leaky  Colls.— A  slight  leak  in  the  generator, 
condenser,  absorber,  or  exchanger  coils,  although  it  may 
not  be  discovered  on  inspection,  causes  a  falling  off  in  the 
capacity  of  the  machine  and  a  loss  of  ammonia.  A  leak  in 
the  coils  of  the  generator  is  easily  delected  by  opening  the 
vent  valve  on  the  distilled  water  leaving  the  generator  coil, 
when  the  odor  of  gaseous  ammonia  will  be  noticed,  as  all  the 
ammonia  will  vaporize  in  coming  in  contact  with  the  air, 
owing  to  the  high  temperature  of  the  latter.  Another  way 
is  to  cool  Slime  of  the  condensed  steam  from  the  generator 
coils  and  apply  the  Nessler  reagent  test. 

To  determine  a  leak  in  the  condenser  or  absorber  coils, 
draw  some  of  the  overflow  water  from  either  one  of  these 
vessels  and  then  apply  the  Nessler  lest.  In  case  the 
absorber  has  water  coils,  a  sample  of  water  should  be  taken 
from  each  coil  independently  and  tested.  Then  the  leaky 
coil  should  be  capped  or  plugged  and  the  machine  allowed  to 
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run  with  the  othur  vuiU  until  lh«  water  cools  i>S  sulBcioitly  i 
to  permit  the  machine  being  shut  down  f"r  replacing  iht 
ilefective  coil. 

A  leak  in  the  exchanger  coil  is  not  so  easily  detected,  par- 
ticularly as  there  is  no  loss  of  amraonia  noticed  in  the 
machine,  the  only  loss  being  in  the  capacity.  To  test  this 
coil,  a  tfp  with  a  valve  Q'  (Fig.  331)  is  placed  in  the  weat- 
liijuor  pipe  between  the  generator  anil  exchanger,  and 
another  ono  at  (•'  in  the  wenk-liquor  pil>e  l>etween  ibr 
exi-hanger  and  alisorber.  A  i-ociling  coil  (see  Fig.  SiS)  i* 
then  connected  with  both  (if  these  valves.  The  specihc 
gravity  of  samples  of  ammonia  taken  from  one  of  the  valves 
should  be  the  same  as  that  of  samples  taken  from  the  other 
If  the  sample  from  6'  shows  a  higher  specific  gravity  than 
that  from  Q',  there  must  be  a  leak  in  one  of  the  exchanger 
coils. 


VESSBL. 

i  to  the  absorption 


HOW  TO  RRDUCB  THE  PRBBSCRE  I 

1  517.  AbHorber. — The  absorber  i; 
machine  what  the  suction  of  the  compressor  is  to  the  com- 
pression machine.  It  is  that  part  of  the  absorption  machine 
by  which  a  pressure  may  be  reduced  almost  instantaneously, 
if  the  machine  is  in  good  running  order  and  the  absorber 
free  from  air  or  foul  gas.  By  shutting  the  valve/ '  { Fig.  351), 
the  absorber  pressure  should  drop  in  10  or  15  inches  of 
vacuum  inside  of  5  minutes.  It  will  therefore  be  seen  that 
if  it  is  desired  to  reduce  the  pressure  in  the  absorber,  all 
that  is  necessary  is  to  close  the  valve  y  and  pump  out  the 
absorber  the  same  as  in  ordinary  running. 


161S.  Expaosioa  Colls  or  Cooler. — If  it  is  desired 
to  reduce  the  pressure  in  the  expansion  coils  or  cooler,  the 
expansion-valve  A''  is  closed,  and  after  the  machine  has 
been  running  for  half  an  hour  the  drain-pipe  valve  //'  is 
opened  so  as  to  permit  any  liquor  that  is  left  in  the  expan- 
sion coils  to  pass  into  the  absorber,  the  valve  /'  being 
closed.      While  this  has  been  going  on,   the  machine  will 
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notiia.  which  is  stored 

i  very  convenient  to  make  a 
the  absorber  and  the  expaii- 
3  make  a  vacuum  in  the  con- 
is  ammonia  is  fed  into  the 
wide  and  closing  T'  nntil  the 


have  been  generating  anhyiln 
in  the  condenser. 

1519.  Condenser.— It  i^ 

by-pass  connection  /  between 
sion-pipe  A'  If  it  is  desired  t 
denser  coils,  all  the  anhydro 
expansion  coils  by  opening  A'' 
pressure  in  the  condenser  coils  has  been  rednced  to  that  of 
the  expansion  coils,  viz.,  15  to  20  pounds.  The  expansion- 
valve  A''  is  then  closed,  the  by-pass  valve  /'  opened,  and 
y  and  H'  are  closed.  The  gas  that  remains  in  the  condenser 
will  then  be  drawn  into  the  absorber,  and  the  pressure  in 
those  parts  will  be  reduced. 

If  it  is  desired  to  reduce  the  pressure  in  the  rectifier,  the 
same  thing  is  done,  except  that  the  valve  i"  is  left  open 
and  the  valves  S'  and  A"  are  closed. 

In  case  there  is  no  by-pass  connection  on  the  machine, 
the  steam  is  shut  off  the  generator,  and  when  the  condens- 
ing pressure  drops  slightly,  the  valves  A"  and  S'  are  closed, 
the  other  valves  being  left  open  as  in  regular  running. 
The  pressure  in  the  rectifier,  condenser,  cooler,  and  absorber 
is  then  gradually  worked  down,  the  anhydrous  ammonia 
being  gradually  stored  in  the  generator.  This,  however,  is 
a  very  tedious  operation,  it  being  much  quicker  to  run  all 
the  anhydrous  ammonia  from  the  condenser  into  the  cooler, 
and  then,  when  the  condenser  is  under  cooler  pressure,  open 
up  the  cocks  C  and  purge  the  condenser  of  the  remaining 
pressure.  It  will  be  found,  as  a  rule,  that  only  about  one- 
half  of  the  pressure  left  in  the  condenser  is  due  to  ammonia, - 
the  other  half  being  due  to  air.  Consequently,  the  loss  of 
ammonia  is  not  very  great. 

1520.  Generator. — To  reduce  the  pressure  in  the 
generator,  turn  on  a  high  steam  pressure  so  as  to  distill  off 
as  much  ammonia  gas  as  possible,  then  cIo.se  the  valve  T' 
and  shut  down  the  machine,  leaving  the  valves  i"'  and  A'' 
Open  and  water  running  over  the  rectifier  coil;  break  the 
Steam    connection  to  the  generator    coil    and    run  a  water 
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hose  inside  of  this  coil,  turning  on  a  very  small  stream  ol 
water.  Care  shoitld  be  taken  nirt  to  chill  the  steam  coil  tool 
rapidly,  as  ii  is  theo  liable  to  crack  or  be  strained.  Thel 
pressure  in  the  KCDcrator  will  be  found  to  drop  very  rapidly,  1 
and  in  about  aa  bour  the  generator  will  be  accessible  fori 
repairs. 

1521.  AmmonlM  Pump. — The  suction  and  deliveryl 
val*-*  chambers  i.f  the  ammonia  pump  should  be  fitted  w 
vent-cocks  or  valves,  so  that  they  may  be  emptied  when- 
ever it  is  desirable  to  examine  the  condition  of  the  pump-  I 
valves.  When  this  is  Iwing  done,  the  main  suctior 
delivery  valves  /*"  and  (**  should  be  closed,  and  the  liquor 
from  the  suction  and  discharge  chambers  of  the  pump 
drawn  out  through  the  vent-cocks  into  a  pail  of  water. 
The  caps  ci>vering  the  valves  can  then  be  taken  off  and 
the  valves  examined.  If  trouble  is  found  in  keeping  the 
piston  rod  of  the  ammonia  pump  packed  tight,  a  stuffing- 
bos  arranged  tike  that  shown  in  Fig.  347  can  be  put  on  the 
pump.  The  spool  should  have  a  bore  equal  to  the  diameter 
of  the  rixi,  or  a  trifle  larger,  and  the  outside  diameter  of  the 
sp»)l  should  be  ^  inch  less  than  the  inside  diameter  of  the 
St u Hi II g- box.  The  length  of  this  spool  should  be  from  1  to 
2|  inches,  according  to  the  diameter  of  the  rod.  Care 
should  be  taken  that  the  spool  is  drilled  with  several  holes 
(marked  AT),  so  that  any  leak  along  the  piston  rod  will 
easily  pass  up  through  these  holes  to  the  outer  circumfer- 
ence of  the  spool.  The  stuffing-box  is  drilled  and  tapped  at 
about  one-half  its  length  for  i  or  ^  inch  pipe  at  //.  This 
pi[>e  connects  with  the  suction  side  of  the  pump.  All  that 
is  necessary  in  this  case  is  to  pack  the  portion  £  between 
the  spool  and  the  gland,  so  that  it  will  hold  against  the  suc- 
tion pressure.  The  portion  /-'that  has  lo  hold  against  the 
discharge  pressure  is  better  packed  with  a  packing  having 
very  little  friction.  Though  this  packing  may  not  be  per- 
fectly tight,  any  leakage  will  pass  along  the  rod  and  through 
■  B  holes  A'  to  the  suction  side  of  the  pump,  through  the 
e  connection  at  //. 
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APPLICATIONS  OF   RKFRKIERATIOX. 

1522.  The  principles  and  methods  of  refrigeration 
explained  in  this  Course  find  their  most  important  applica- 
tion in  the  luantifactiire  of  beer,  the  preservation  of  perish- 
able articles  (especially  victuals)  in  cold-storage  rooms  or 
boxes,  and  the  production  of  artificial  ice. 

BREWERY   REFRIGERATION. 

KHH.     fROPRRTIRS 

1523.  How  Hvvr  la  Made.— The  making  of  beer 
consists  of  three  different  operations,  viz. :  (a)  the  prepara. 
tion  of  malt  from  barley;  (d)  the  preparation  of  wort  from 
mall;  (f)  the  fermentation  of  wort  to  convert  it  into  beer. 

By  washing  specially  prepared  malt  with  hot  water,  a 
dilution  is  obtained  known  as  c/i;tr  wort.  This  is  boiled 
with  hops  in  a  copper  vessel,  and  the  resulting  product, 
which  is  the  beer  wort,  or  simply  wort,  is  first  cooled  and 
then  converted  into  beer  by  adding  yeast,  which  causes  the 
chemical  decomposition  of  the  wort.  This  decomposition 
is  z&WftA  fermentation,  and  is  effected  in  large  vessels  placed 
in  rooms  cooled  by  refrigerating  machinery. 

1 524.  Properties  of  WTort. — Wort  consists  mainly  nf 
saccharine  and  dextrine  dissolved  in  water.     The  strensth 

of  the  solution  is  measured  by  the  amount  of  solid  matter 
{that  is,  dextrine  and  saccharine)  it  contains.  It  is  deter- 
mined by  a  kind  of  hydrometer  known  as  a  BallloK  sac- 
charometer,  so  graduated  that,  when  immersed  in  the 
liquid,  it  registers  the  percentage  of  solid  matter  the  liquid 
contains. 

The  following  table  gives  the  specific  gravity  and  the  spe- 
cific heat  of  wort  of  different  strengths: 
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TABLB   31. 


Strength,  by  Ball- 
ing Skccharomet^r. 

S[iecific  r.ravity. 

Specific  Heat 

8 

1.0320 

.'.lU 

i.ims 

.U37 

lu 

1.0401 

.030 

11 

l.Ol+ii 

.y«3 

13 

1.0488 

.nie 

n 

1 .0530 

.mro 

U 

] .0572 

.wn 

IS 

1 .0614 

.895 

16 

I.065T 

.888 

17 

1.070U 

.881 

18 

1.0744 

.8T4 

HI 

i.orss 

.867 

■io 

1.0832 

-SiJl 

For  any  other  temperature  /,  the  specific  gravity  s   i 
jiven  by  the  lormula 


,,  +  ,00015  (CO  —  t). 


{129.) 


in  which  j,,  is  the  specific  gravity  at  GO",  as  given  in  the 
table.  If  /  is  greater  than  60,  the  factor  60  —  /  is  negative, 
which  means  that  /  —  60  should  be  multiplied  by  .0(.K)|.'>.  and 
the  result  subtracted  from  .t,,. 


the  specific  gravity  of  a  wort  of  18';  strength. 
45°  ?    (i)  at  a  temperature  of  TO''  ? 


Example, — VV: 
(a)  at  a  temperati 

.Solution,— (n)  Fri)m  the  second  column  in  the  table  we  t^nd  ,i.. 
1.0744,     Here  /  =  45.  and  formula  129  gives 

J  =  1,0744 +  .00016(60-4.1)  =  1.0744 +  ,0O01Sx  1S=  1.0767,     Ans. 

(*)  Here/ =  70°.  and  90  — /  =  — 10,     The  same  formula  gives  j 
1.0744  -  .00015  X  10  =  1.0729.     Ans. 
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THK  JOUI.ING  OI'BKATIONS. 

1525.  Ends  to  be  Attulned.— Iti  the  relrigeraliuii 
of  breweries,  there  are  three  things  to  be  accomplished,  viz,  : 
(1)  cooling  the  wort,  (2)  removing  the  heat  of  fermenta- 
tion, and  (3)  cooling  off  the  cellars,  fermenting  roums,  etc., 
to  a  temperature  of  between  M°  and  38°  F. 

1526.  Coollnjc  tbe  Wort. — The  wort  is  taken  from 
the  brew  kettle  at  a  temperature  of  about  800°  and  drawn 
into  large  shallow  iron  tanks  C  (Pig.  353)  open  to  the  air, 


where  it  cools  to  a  temperature  of  about  110°  in  from  2  to 
3  hours.  From  there  it  is  allowed  to  trickle  over  a  Baudelot 
conlwr,  which  consists  of  two  coils  A  and  £,  one  under  the 
other,  kept  at  a  low  temperature  in  order  to  cool  the  wort. 
Water  at  a  temperature  of  about  (ill"  is  kept  circulating  in  the 
upper  coil  , -I.  The  lower  coil  is  kept  at  a  still  lower  tem- 
perature by  the  circulation  of    either  ice-water  or   brine, 
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taken  from  the  brine  tank  through  the  pipe  G  and  returned 
tu  the  same  tank  through  a  pipe  //.  Another  way  of  cool- 
ing the  coil  B  is  to  tonnect  it  with  the  refrigerating-machine 
through  the  pipe  fi  and  use  it  as  an  expansion  coil.  When, 
after  running  over  the  two  coils  of  the  cooler,  the  won 
reaches  the  pan  A',  where  it  is  collected,  its  temperature  is 
reduced  to  about  40°. 

When  brine  is  used  in  the  Baudelot  cooler,  thecoiUare 
usually  made  of  copper  tinned  over.  If  the  lower  coil  is 
used  as  an  expansion  coil,  it  is  made  of  polished  steel  pipe. 

1527.  RKfrlKerallon  Hequlred  for  Coolloc 
Wort. — ^The  capacity  of  a  brewery  is  usually  expressed 
by  the  number  of  ;U.5-gallon  barrels  brewed  per  day  of 
24  hours.  Let  this  number  be  denoted  by  b.  Also,  let  g 
be  the  specific  gravity  of  the  wort,  s  its  specific  heat.  T  its 
temperature  after  leaving  the  upper  coil  of  the  cooler,  t  the 
temperature  tn  which  it  must  be  reduced  in  trickling  over 
the  lower  coil,  and  H  the  number  of  B.  T.  U.  required  tu 
effect  this  reduction  of  temperature.  The  value  of  7"may  be 
taken  equal  to  the  temperature  of  the  water  in  the  upper 
coil.  The  weight  uf  31.5  gallons  of  water  l>eing  36^.4 
pounds,  that  of  one  barrel  of  wort  is  3t'.3.4^f.  Therefore. 
H  =  %\S%A  g b  s  (T - 

If  Fis  the  number  of  tons  of 
to  this  heat,  we  have  (formula  1 09) 
H  -imAgbji/'- 


- 1).  (130.) 

efrigeration  corresponding 


/7=       -_. 


3S5,3<IO 


285,300 


. 11009197  ^-1*^(7"—/). 
(131.) 

Tile  values  of  ^' and  J  are  taken   from  tables,  assuming  :i 
miMn  temperature  =  ^  (/"+/).     Taking   7"=  70°,   /  =  4n'. 
g^  1,05,  and  j=:,EiI,  the  preceding  formula  becomes 
/■■=  ,i((»)!H!ir  X  1.05  X  .HI  X  m  !>  =.02030  /^=  5",  *.  nearlv. 

(132.) 
If  in  this  fornnila  we  make  F—  1,  we  get  ^  =  38;   that  is. 
I    tun   of  refrigerating  effect    will   cool   38    barrels  of  wort 


J 


I 


ICE-MAKING  MACHINERY.  !»0<< 

;. — [n)  How  many  barrels  of  wort  can  be  cooled  in  34  hours 
from  7(1''  to  40°,  the  refrigerating  effect  being  6,5  tons?  {i)  What 
must  be  the  refrigerating  effect  of  a  cooler  that  it  may  cool  276  barrels 
of  wort  a  day  from  75°  to  40°  ? 

Solution.— {(i)  From  formula  132  we  get 

(i  =  38  /■=  88  X  6,6  =  247  barrels,     Ans. 
{*)  Taking  ^=  1.05  and  i  =  .8,  formula  131  givt.s 

F-  .0009197  X  1.05  X  275  X  .9(70  -  40)  =  8.4  tons,     Ans, 

1528.  Heat  of  Fermentation. — After  leaving  the 
Baudekil  cooler,  tlie  wort  is  pumped  into  large  vats  or  tanks 
placed  in  the  fernienliiig  room,  where  yeast  is  added  to  it 
in  order  to  start  and  keep  the  process  of  fermentatitin. 
This  room  is  kept  at  a  temperature  of  aboiit  40°.  As  the 
wort  ill  the  tubs  ferments,  it  gives  off  a  certain  amount  of 
heat.  This  heat  is  removed  by  means  of  attemperatora, 
which  are  coils  of  iron  pipe  suspended  in  the  fermenting 
tubs  and  kept  at  a  low  temperature  by  cooled  water  or 
brine  made  to  circulate  in  them.  The  diameter  of  each 
coil  is  about  two-thirds  the  diameter  of  the  fermenting 
tub.  The  coils  should  have  enough  turns  to  give  about  12 
square  feet  of  cooling  surface  for  every  100  barrels  of  wort. 


1529.  Refrigeration  Required  to  Remove  the 
Heat  of  I'ermentatlon. — The  number  //  of  B.  T.  U. 
necessary  to  dispose  of  the  heat  of  fercnentation  of  n  barrels 
of  wort  is  determined  by  the  foltowing  formula; 

//=:iuis-,-)i->b'.i  +  s).  (133.) 

In  this  formula,  sis  the  strength  of  tlie  unfermented  wort 

and  s'  the  strength  of  the  fermented  wort  (the  beer),  both 

as  given  by  a   Balling   saccharometer.       The  corresponding 

^L  number  Fol  tons  of  refrigeration  is 

L 


(134.) 


t 


atiprrtpmaotm.    which  is  sufficigptly  cIo%  for  ^ 
ifies.  .!¥  r->r  {ciKral  estimates,  i^  obtained  brU- 
xad  '   =  4,  in  which  case  the  valtte  of  fhccoena 


•  itir «  =  i^,  atarir. 


(135.) 


=  I.  we  get  M  =  SS.  whkh  . 
iamm  to  B>^»i»e  ttK  heat  nt  fenseatatkta   1  ton  of 

1^9(1  '     d  for  every  M  barrels  of 

hcKE.  iBhKM  mi  sCT"  ceics.  For  weak  beers,  1  too 
«C  Bthigam  ',  «i  ttr  Uw*  s  See  for  50  or  tVi  barrels. 
VW  SB^k  aBi>l  p  nary  estrmate^,  33  barreU  are  Dsaanr 

a&jmvd  per  tan  nf  FeCi      eracing  capacity. 

ISSOl     CmwMbk  *kc  Cclters. — After    the    process  of 

■  JRCO^^feted.  the  beer  ia  drawn  olf  from  the 
f  tubs  iain  the  sturage  cellars,  where  it  is 
reaifrc  t"*  set;'*  an«f  xge.  These  cellars  are  cooled  bv  means 
■  rj.;-.t-  T-:         -:hcr  the  ceiling  or  the  side  walls, 

and  wh<)se  temperalare  is  kept  down  either  by  using  them 
as  expansion  cnib  or  bv  allowing  a  current  of  brine  to  cir- 
culate thpiugh  them.  The  amount  of  refrigeration  required 
t.>r  tais  purp>>se  depends  greatly  on  the  manner  in  which  the 
r">mi  are  insulated,  as  win  be  ex()lained  presently.  With 
the  '.irdinary  insulation  generally  used,  1  ton  of  refrigeration 
mjy  be  allowed  for  every  Iii.inm)  to  U.IMM)  cubic  feet  of 
stir.ij^e  ro'>m,  where  the  temperature  is  kept  at  between  ii' 
and  ;l.-.\  Thi^  applies  to  large  breweries.  In  breweries  of 
5ii,iN>.i  cubic  I'eet  or  under,  about  5,IM)0  to  7,000  cubic  feet 
per  ton  of  refrigeration  should  be  allowed. 


IXSt'LATIO?;  OF  ROOMS. 
1531.  Ol>Jcct  of  Insulation.— The  object  of  Insula- 
ling  a  cold-storagi;  or  freezing  room  is  to  prevent  it  from 
taking  in  he:it.  either  by  radiation,  by  conduction,  or  by 
convection.  The  less  the  heat  is  that  enters  a  room  from 
the  outside,  tli<;  less  will   be  the  work  required  to   co-il  it. 
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Consequently,  if  a  room  is  well  iiisulaled,  a  smaller  refriger- 
ating capacity  is  required  to  keep  it  at  the  necessary  temper- 
ature than  when  the  room  is  poorly  insulated.  This  means 
that  less  fuel  will  have  to  be  expended  to  cool  the  space. 
The  economic  importance  of  insulation  is  therefore  mani- 
fest. 

1532*  Insulaturti  Used. — For  the  purpose  of  insula- 
tion, rixims  are  divided  into  damp  rooms  and  dry  rooms. 
Brewery  refrigerating  rooms  and  ice-storage  houses  are 
examples  of  the  former  class  of  rooms;  while  cold-storage 
and  freezing  warehouses  would  come  under  the  latter  class. 

The  ordinary  insulating  materials  are  wood  and  paper. 
The  latter,  however,  is  not  well  adapted  to  the  insulation  of 
damp  rooms,  where  It  is  not  durable.  In  late  years  this 
class  of  rooms  has  been  insulated  largely  by  means  of  hol- 
low brick  walls  containing  from  one  to  three  air-spaces.  To 
make  the  air-spaces  more  perfect,  the  walls  are  covered  with 
a  coat  of  either  pitch  or  paralfin  wax.  This  method  of 
insulating  is  found  to  be  very  efficient  for  comparatively 
high  temperatures,  such  as  are  required  in  breweries  and 
packing  houses,  and  is  not  nearly  so  liable  to  contract  mold 
or  mildew  as  wood  is. 

Dry-storage  rooms  have  always  been  insulated  with  wood 
and  paper,  with  air-spaces,  or  air-spaces  filled  with  some 
filling  material,  such  as  sawdust,  planing- mill  shavings,  min- 
eral wool,  cork,  wood-ashes,  cinders,  etc. 

1533.  Alr-Spac«». — The  best  and  cheapest  non-con- 
ductor is  air,  but  in  order  to  make  it  efficient,  it  is  necessary 
1  make  a  "dead  air-space,"  that  is,  so  to  inclose  the  air  on 
all  sides  as  to  prevent  its  motion;  otherwise  there  would  be 
L  air-currents,  by  which  a  great  deal  of  heat  would  be  con- 
veyed from  the  outside  to  the  rooms.  For  this  reason,  brick 
walls  are  pitched  or  covered  with  paraffin,  and  when  wood 
is  used  instead  of  brick,  paper  is  laid  between  boards  so  as 
to  prevent  the  escape  of  the  air  confined  in  the  air-spaces. 

t  making  an  air-space  with  boards,  it  is  always  best  to  use 
le  boards  with  paper  in  between,  the  double  boarding 


t 


t 
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always  be  easily  applied,  thereby  thoroughly  cleansing! 
walls  and  sweetening  the  atmosphere  of  the  room. 

In  buildings  where  iron  construction  is  used,  thewrought- 
iron  or  hollow  cast-iron  columns    which    pass  through  the 


- -^  l-l  U  }•<•  Ify  - 


I   Partition*        XPLyPtip-  r  ^ 


:oi>m  pnrtiiion* 


rooms  should  be  insulated  very  carefully  to  prevent  any  ron- 
duction. 

In  ail  the  foregoing  illustrations  it  will  be  noticed  that  in 
case  of  brick  walls  an  air-space  is  generally  made  by  lacking 
strips  to  the  wall.  The  object  is  to  allow  any  moisture  that 
may  accumulate  on  the  wall  to  run  down  the  (ace  of   the 
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wail  all  the  way  through  to  the  cellar,  without  injuring  the 
insulation  of  the  building.  It  is  advisable  lo  have  a  sill  or 
plate  at  the  foot  of  the  insulator,  around  the  walls  of  the 
room,  to  keep  the  insulation  irom  getting  wet  when  the  floor 
is  washed. 

153S.  Insulation  of  Exposed  Surfaces. — Exposed 
pipes  or  other  surfaces  through  which  a  refrigerating  me- 
dium is  passing  will  soon  be  covered  with  frost.  This  is 
due  to  the  moisture  in  the  atmosphere  being  deposited  on 
the  pipe  and  then  frozen.  To  thoroughly  insulate  such  sur- 
faces, it  is  not  only  necessary  to  keep  the  heat  from  passing 
through  them,  but  to  keep  the  air  out;  in  other  words»  to 
make  the  insulation  perfectly  air-tight,  It  is  also  necessary 
to  have  the  insulation  consist  of  such  substance  as  will  not 
readily  be  injured  by  moisture.  Hair  felt  was  largely  used 
in  former  years;  this  was  wrapped  around  the  pipe  and  then 
covered  with  paper;  then  more  felt  and  more  paper,  and  so 
on  for  several  layers;  then  the  whole  was  sewed  in  a  canvas 
envelope  and  covered  with  several  coats  of  good  water-proof 
paint.  Such  insulation  is  found  to  be  comparatively  effi- 
cient and  will  last  several  years,  but  eventually  the  air  will 
work  through  the  hair  felt,  and  then  the  pipes  will  begin  U> 
sweat,  and  if  left  long  enough,  freeze. 

The  "  Voorhees  "  covering  is  a  much  better  insulation.  It 
is  made  by  soaking  the  hair  felt  in  boiling  resin  and  is 
applied  to  the  pipe  while  the  resin  is  still  hot  enough,  so  that 
the  sheets  of  felt  can  be  easily  molded  to  the  shape  of  the 
pipe.  These  sheets  are  tied  fast  with  heavy  twine;  two  lay- 
ers of  the  covering  are  applied,  and  after  the  resin  has  cooled 
and  set  the  string  is  cut  off.  This  insulation  is  probably  the 
best  on  the  market,  but  is  very  expensive,  except  in  large 
K  quantities,  as  it  is  necessary  to  prepare  it  on  the  spot, 
^b  The  best  sectional  insulation  is  the  Nonpareil  Cork  cover- 

^B  ing,  which  consists  of  granulated  cork  soaked  in  a  composi- 
^H  tion  and  molded  up  in  the  form  of  sectional  insulation 
^^  similar  to  magnesia  sectional  steam-pipe  covering.  Two 
^H    layers  of  this  are  applied  so  as  to  break  joints,  and  the  whole 
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is  given  a  coat  of  rnblier  cement,  which  makes  it  praclicallj 
nir-tight. 

Ill  case  of  large  brine  mains  that  are  boxed  or  laid  under 
ground,  a  mixture  of  ground  cork  and  pitch  Is  found  to  giw 
very  satisfactory  results.  The  pitch  is  first  melted,  then 
the  cork  is  mixed  with  it,  and  the  mixture  is  poured  over  th< 
pipes  and  well  tamped  around  them. 


COLI>   STORAGE. 

COLn-STORAGB  WABBHOVBES. 

1539.  Object   of    Cold-Storage    Warebousc^ 

Cold-storage  warehouses  are  used  for  the  preservation  of 
perishable  goods  by  means  of  a  low  temperature,  which  pre- 
vents decay.  The  goods  are  placed  in  rooms,  and  there  kept 
sometimes  for  months,  separate  rooms  being  usually  neces- 
sary for  different  kinds  of  goods,  not  only  because  different 
substances  often  act  on  and  affect  one  another,  but  also 
because,  as  experience  shows,  they  require  different  tempera- 
tures for  their  preservation. 

1540.  Conditions  to    be    Maintained.  —  For   the 

proper  preservation  of  goods,  it  is  necessary  (1)  that  the 
should  be  often  renewed;  (2)  that  the  air  should  have  the 
proper  amount  of  moisture;  (3)  that  the  temperature  should 
remain  within  certain  limits. 

The  first  requisite  is  obtained  by  a  proper  system  of 
tilation,  to  be  described  later;  the  second  by  a  careful  use 
of  the  hygrometer  and  psychrometer  for  ascertaining  the 
relative  humidity  of  the  air,  care  being  taken  not  to  havi 
air  too  dry,  as  this  may  result  in  the  evaporation  of  the  goods, 
nor  too  damp,  as  this  will  cause  mold  or  must.  The  amount 
of  moisture  that  air  can  contain  increases  with  the  terapei 
ture.  If  when  the  air  enters  the  room  it  is  very  damp,  some 
of  the  moisture  will  be  precipitated  as  the  temperature  falls, 
and  adhere  to  the  pipes,  where  it  will  freeze.  Care  should  be 
taken  to  keep  the  pipes  as  free  from  this  frost  as  possible. 


ICE-MAKINd  -MACHINERY.  HIT 

The  temperature  is  controlled  by  the  refrigeratiiig- 
maL-hine.  For  regular  public  cold  storage,  the  brine-circula- 
tion system  has  in  general  been  found  somewhat  superior  to 
the  direct-expansion  system.  The  latter  has  often  been  tried, 
but  has  been  abandoned  in  some  cases,  owing  to  the  risk  iif 
the  ammonia  leaking  and  to  the  difficulty  in  maintaining 
a  steady  temperature. 

1541.  General  Design. — The  majority  of  public  cold- 
storage  warehouses  are  built  of  brick  or  stone  and  prefera- 
bly of  the  slow-burning  mil!  construction,  the  best  design 
being  that  of  the  perfect  cube,  as  this  gives  the  least  exposed 
wall  and  roof  area  for  the  greatest  cubical  contents.  In  order 
toavoid  the  heat  from  the  boiler  and  engine,  they  are  placed  in 
a  separate  building  adjoining  the  main  storage  building.  As 
a  rule,  the  freezing  rooms  are  placed  together  on  the  lower 
floors  of  the  building,  the  cellar  being  often  used  for  keep- 
ing frozen  fish,  etc.  Such  rooms  have  concrete  floors,  and 
the  ground  under  these  floors  is  frozen  through  for  several 
feet,  owing  to  the  constant  low  temperature  maintained  in 
the  rooms. 

It  is  bad  practice  to  place  the  freezing  rooms  above  cold- 
storage  rooms,  as,  in  spite  of  the  best  insulation,  the  ceiling 
of  the  cold-storage  rooms  will  sweat,  owing  to  the  cold 
striking  through  the  floor  of  the  freezing  room  and  the 
moisture  in  the  air  of  the  cold-storage  room  naturally  con- 
densing on  these  cold  surfaces. 


1542. 

may   be  divided  into  f 
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RGrniGERATION   REQUIRED. 

The  refrigeration  required  for  cold-storage  rooms 
parts,  viz.:  (1)  that  required  to 
keep  the  room  at  the  required  temperature,  by  preventing 
radiation  through  the  walls;  (i)  that  required  to  cool  the 
articles  brought  in  the  room  from  their  temperature  to  the 
temperature  of  the  room, 

1 543.     Refrlseratlon  Required  to  Keep  tbe  Tem- 
perature of  tbe   Room. — The  refrigeration  required  to 
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keep  the  rimm  at  a  iiiiistani  temperature  is  computed  by 

means  of  the  folluwing  general  furmtila: 

Il=^cA  {t-rx        (I3«.) 

in  which  //=  B.  T.  U.  of  refrigeration  required  to  maintain 
a  given  space  at  a  certain  temperature  f^,  when  this  space  is 
separated  from  another,  in  which  the  temperature  is  /.  by  a 
siirfaie  wh'iue  area  in  square  feet  is  A  ;  and  c  =  constant 
depending  upon  the  material  and  thickness  of  the  substance 
separating  the  twti  spaces.  The  value  of  the  constant 
generally  varies  between  2  and  6.  For  rough  estimates,  it 
may  be  taken  as  equal  to  3. 

The  preceding  refrigeration  may  be  reduced  to  tons  by 
dividing  by  285,»()0;  that  is.  the  amount  /-Of  refrigeration. 
expressed  in  tons,  is 

''='-m^  =  ■"""'"«•**■■••' *'-';>■  ('37.) 

1544.  Table  33  contains  values  of  c  as  given  in  Siebel's 
Mechanical  Refrigeration, 

For  double  floors  and  ceilings,  air-tight  and  well  filled,  so 
as  to  prevent  the  ingress  of  air,  f  may  be  taken  as  3.  When 
a  room  is  separated  from  the  outside  by  a  hermetically  closed 
air-space  between  two  walls,  the  value  of  e  for  the  outside 
wall  may  be  used  in  the  formula,  but  instead  of  the  tempera- 
ture /,,  a  mean  should  be  taken  between  /,  and  /.  which  is 
equivalent  to  using  \  (t  —  /,)  instead  of  /  —  /,. 

For  a  wall  consisting  of  several  materials,  the  coefficient  c 
may  be  found  from  the  formula 
\ 


(138.) 


'-^-, 


in  which  /?,,  ^„  i,,  etc.,  are  the  thicknesses,  and  i",,  f„  f„  etc.. 
the  corresponding  values  of  c  for  the  several  materials  mm- 
posing  the  wall. 

In  large  cold-storage  warehouses  of  260.0IK)  cubic  feet  or 
over,  1  ton  of  refrigeration  will  maintain  10,000  cubic  feet  of 
well-insulated  space  at  a  temperature  of  30%  and  5,000  cubic 
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TABLE    33. 

VALUES  OF  THE  COEFFICIENT  c  IN  FORMULA    137. 

Partition. 

Thickness, 
Inches. 

12 
12 
12 
12 
12 
12 
12 
12 

H 
9 

U 

18 

27 

36 

6 

12 

18 

24 

30 

36 

t'. 

Sincfle  Windows 

1 2 . 0 

Double  Windows 

7.0 

Pine  Wood 

2.0 

Mineral  Wool 

1  .6 

Granulated  Cork 

1.3 

Wood-Ashes 

1.0 

Sawdust 

1  .1 

Charcoal  (powdered) 

Cotton 

1.3 
0.7 

Soft  Paper  Felt 

O.T) 

Brick 

5 .5 

a 

4.5 

i  i 

3.6 

a 

3.0 

a 

2.6 

i  t 

2.2 

Stone  (masonry^ 

6.2 

t  i 

5.5 

H 

5.0 

n 

4.5 

i  k 

4.3 

(( 

4.1 

feet  at  15°.  In  small  warehouses  of  50,000  to  100,000  cubic 
feet  capacity,  1  ton  of  refrigerating  effect  will  maintain 
6,000  cubic  feet  at  cold-storage  temperatures  and  3,000  at 
freezing  temperatures.  These  figures  do  not  include  the 
refrigeration  required  to  cool  the  goods. 


1 545.     Refrlgreratlon  Required  to  Cool  the  Arti- 
cles.— The  amount  of  refrigeration  required  to  reduce  the 
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gotnls  from  their  temperature  /  to  the  temperature  /,  of  the 
room  IB  given  by  the  fonmilas 
J/  =  {7i;s,  +  7i;s,  +  u;s,  +  .   .  .   .)(/-/.).  (138.) 


;iS5,3U0 


.Wi.mmo&{u;s,  +  2t;s^  +  zi\s,  +  .  .  .  .){'  —  ',).  (140.) 
in  which  u\,  ic,,  etc.,  are  the  weights  in  pounds  of  the  dif- 
ferent kinds  of  produce  to  be  cooled,  s^.  s,.  etc..  their  corrr- 
Bponding  specific  heats,  and  //^and  /'"are  refrigeration  units 
in  B.  T.  U,  and  tons  of  refrigeration,  respectively. 

1546.  The  following  table  contains  the  specific  hcais 
of  several  articles,  together  with  their  latent  heats  of 
freesing: 

TABLE  34. 


Substance. 

Specific  Heat. 

Latent  Heat  of 
Freezing.  B.  T.  V. 

Beef 

.80 
.70 
.80 
.CO 
75 
.00 
.70 
.90 
.85 

110 

Mnttun 

Pork 

Egg=^ 

100 

Cream 

90 

Fish 

115 

Lobster. . 
Oysters.  , 
Chicken  . 
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ExAMPLB, — Fiiiit  the  refrigeration  required  fur  n,  rixJin  3S'  X  50*  X  1'-' 
in  which  are  placed  25.000  pounds  of  beef  daily,  the  temperature  of 
the  meat  being   95".  that   of   the   atmosphere   "0°,   and   that   of    the 


-ll)  The  refrigeratior 
is  given  by  formula  1 37.     Here  wi 

Area  of  walls  =  3  x  *■>  X  13  +  3  x  50  x  13  =  3,040  sq.  fi. 
Area  of  fliior  and  ceiling  =  8  x  S5  X  50  =  3,i5O0  sq.  ft. 

/^^S.MOsq,  ft. 
The  values  of  f  and  /i  are  70'  and  85°,  respectively,  and   therefore 
/  —  /,  =  Sr,.     Taking  the  value  of  c  =  3,  the  formula  gives 
y^  =  .000008505  X  3  X  5-''>40  X  *i  =  2,04  tons. 
(2)  The  amount  of  refrigeratiun  required  to  cool   the  beet  to  the 
temperature  of  the  riM>m  is  given  by  formula  14U.     Here  /  =  B■'i^ 
/,-S.y.   /-/,  =60.  ar,  ^25.000.   J,  =  .a    (see  Table  :M).  and    since 
there  is  no  other  article,  the  terms  sc,  j,,  w,  i,,  etc..  are  left  out;  hence, 
F=  .000008505  X  25,000  x  .8  X  BO  =  4.21  Ions. 
The  total  amount  of  refrigeration  required  Is,  therefore, 
3.04  +  4.31  =  6.35  tons.     Ans. 

MBTHODH  OF   COOLING   STORAGE:  ROOMS. 

1547.  General  Considerations^  The  Three 
Methods  of  Coollns  Generally  Used.  —  The  lirst 
requirement  of  a  colii-storage  roinn  is  guml  insulation.  The 
best  methods  and  materials  for  insulation  have  already  been 
described.  All  windows  and  other  openings  by  which  light 
is  admitted  to  the  room  should  be  closed  with  light-tight 
shutters,  so  as  to  prevent  any  daylight  from  entering  If 
this  is  not  done,  radiant  heat  will  enter  the  mom.  Sudi 
windows  can  be  closed  with  large  shutters  on  the  inside, 
similar  to  ice-house  doors,  which  can  be  opened  for  ventila- 
tion when  desired.  A  cold-storage  room  should  be  pro- 
vided with  some  means  of  ventilation,  so  that  the  moms 
can  be  thoroughly  sweetened  and  the  air  renovated  between 
seasons  when  the  rooms  are  not  in  use.  Modern  houses 
are  equipped    with   a  ventilating   device,  to    be   presently 

L  described,  which  permits  of  the  ventilation  of  a  cold-storage 

I  room  while  in  use. 
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There  arc  three  methods  emplnyed  at  prcseiit  for  main- 
taining the  temperatures  of  cold-storage  and  freezing  rooms. 
The  first  is  l>y  means  of  direct  radiation,  where  the  brine 
pipes  are  run  in  the  room  and  the  brine  is  allowed  to  cirt- 
late  through  them.  This  was  the  original  system  and  is 
the  simplest  and  cheapest  one  to  install.  The  second  is  by 
indirect  radiation,  where  the  pipe  coils  are  place  in  a  coil 
bunker  on  the  upper  floor  and  the  air  is  allowed  to  fall  to 
the  floors  below  by  gravity,  and  on  being  warmed  is  returned 
to  the  coil  bunker  by  means  of  flues  or  ducts  arranged  for 
that  purpose.  The  third  and  most  approved  method  of 
cooling  is  by  means  of  a  fan  or  blower,  which  sets  the  air 
in  circulation.  This  system  is  quite  similar  to  the  blower 
system  of  heating  and  ventilating.  It  consists  of  a  fan  or 
blower,  which  draws  the  air  from  the  cold-storage  rooms, 
blows  it  through  a  system  of  pipe  coils,  and  then  delivers 
the  cold  air  back  to  the  cold-storage  room  by  means  of  ducts 
arranged  specially  for  the  purpose. 


1 S48, 


l>lrt;tft  Radiation. — In  this  method  of  cooling, 


raportant  feature  is  the  arrangement  of  the  pipol 
:se  coils  should  be  kept  away  from  the  wall  atl 
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least  6  inches  tiy  means  uf  furring  sluds  nailed  fasl,  on 
which  the  pipe  hangers  carrying  the  coils  are  fastened. 
This  allows  a  ciri-'ulation  of  air  lietween  the  coils  and  the 
wall  and  prevents  the  frost  from  reaching  the  insulation  in 
case  of  a  heavy  coating.  There  should  be  at  least  two  coils 
to  a  room,  and  if  possible  more,  so  that  the  temperature 
can  readily  be  regulated  by  means  of  cocks  or  valves  pro- 
vided on  the  inlets  and  outlets  of  these  coils.  The  usual 
method  is  to  allow  the  brine  to  enter  the  bottom  of  the  coil 
and  come  out  of  the  top,  the  outlet  near  the  lop  being  i>ro- 
vided  with  an  air-cock  for  the  removal  of  air. 

Fig.  355  shows  a  cold-storage  room  with  the  door  al  one 
end  and  provided  with  two  coils  of  the  return-bend  pat- 
tern.    The  inlet  to  the  coils  is  shown  at  1>.     The  outlet  is 


provided  with  a  cock  C  and  an  air-v 
quite  near  the  door,  so  that  if  the 
goods,  the  floors  can  be  readily  cut 


These  are  both 
well  filled  with 
the  purpose  of 
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rcgulatiii)lf  the  lcmi*eratures  and  also  closing  off  the  coils 
in  case  of  a  leak.  Fig.  351)  shows  several  methods  of  «>il 
connections  in  detail.  The  upper  coil  should  be  as  close  to 
the  ceiling  as  possible,  so  as  to  prevent  any  chances  of  a 
warm-air  pocket  lying  next  to  the  celling.  lu  case  a  girder 
passes  through  the  room,  it  is  best  to  elbow  the  first  and 
second  pipes  tinder  it,  so  as  to  thoroughly  cool  the  upper 
portion  of  the  room.  The  arrangement  of  the  coils  should 
be  such  that  all  portions  of  the  room  will  be  equally  cooled 
by  each  coil.  In  very  large  rooms  this  is  impossible,  but 
ordinarily  the  coils  run  around  all  the  walls  of  the  room  so 
as  lo  permit  this.  Drip-pans  should  be  provided  under  the 
coils  for  catching  the  melted  frost  when  the  coils  are  shut 
off.  The  latter  should  drain  into  a  tub  or  barrel  at  one  end. 
It  is  best  not  to  connect  these  drip-pans  into  a  series  of 
drain-pipes,  as  these  connections  are  liable  to  freexe  up  in 
being  carried  through  freezing  rooms;  and  even  if  kept 
clear,  they  let  in  from  outside  a  certain  amount  of  warm  air 
laden  with  moisture.  The  temperature  in  the  room  is  reg- 
ulated by  either  closing  off  or  partially  throttling  the  outlets 
to  the  various  coils.  In  throttling  the  outlet,  the  coil  is 
kept  full  of  brine,  and  there  is  no  opportunity  for  air  to 
accumulate,  as  there  is  in  case  of  the  inlet  being  throttled. 
1^-inch  full-weight  black  iron  pipe  is  commonly  used  for 
brine  circulations.  If  the  brine  temperature  is  0°,  1  lineal 
foot  of  pipe  per  1 5  cubic  feet  will  give  a  temperature  of  3U° ; 
1  lineal  foot  of  pipe  per  6  cubic  feet  will  give  a  tempera- 
ture of  10°,  and  1  lineal  foot  of  pipe  per  3  cubic  feet  will  give 
a  temperature  of  7°.  With  15°  brine,  1  lineal  foot  of  pipe 
per  m  cubic  feet  will  give  311°,  and  I  lineal  foot  per  4  cubic 
feet  will  give  20°, 

As  a  rule,  ail  freezing  rooms  are  equipped  with  direct 
piping,  as  there  is  no  objectiim  lo  the  goods  being  near  the 
pipes,  and  an  exact  temperature  is  not  necessary,  two  or 
three  degrees  variation  having  no  effect  on  the  quality  of 
the  goods.  For  ordinary  purposes,  such  as  the  keeping  of 
tierced  meats,  butter,  etc.,  direct-piped  rooms  may  be  used; 
but  for  good  results  in  keeping  fruit,  cheese,  eggs,  etc,  the 
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indirect  method  or  forced-air  circulation  is  recommended. 
In  case  a  house  is  already  piped  with  direct  radiation,  this 
can  be  modified  so  that  it 
will  give  the  same  results  as 
indirect  radiation,  by  put- 
ting aprons  over  the  coils, 
as  shown  in  Fig.  357,  which 
represents  a  section  of  the 
room,  on  the  walls  of  which 
are  placed  2'  X  6'  planks  A 
carrying  the  coils  of  the 
pipe  B.  These  are  pro- 
vided with  a  drip-pan  C. 
In  front  of  these  coils,  a 
number  of  a'  x  4*  studs  E 
are  fastened,  and  to  these  '''°"  *^ 

are  nailed  the  boards  D;  the  studs  are  toenailed  to  the 
ceiling.  A  false  ceiling  F.  slanted  slightly  towards  the 
coils,  is  built  a  few  inches  below  the  ceiling  of  the  room. 
This  arrangement  creates  a  natural  circulation  or  draft,  as 
shown  by  the  arrows.  The  warm  air  passing  to  the  top  of 
the  room  is  cooled  by  means  of  the  coils,  falls  back  of  the 
aprons  D,  and  goes  out  of  the  opening  at  the  bottom.  With 
this  arrangement  and  proper  temperatures,  eggs  may  be 
carried  with  results  almost  as  good  as  those  of  a  forced-cir- 
culation house,  and  better  than  those  of  an  indirect-radiation 
house,  the  only  disadvantage  being  that  the  coils  are  in  the 
same  room;  but  if  these  are  carefully  attended  to  and  the 
drip-pans  are  kept  clean  and  empty,  the  results  will  be  as 
satisfactory  as  those  obtained  by  the  indirect  method. 


1 


1649.  Indirect  Radliitlon. — Fig.  353  shows  the  sec- 
tion and  Fig.  350  a  plan  of  a  cold-storage  warehouse  arranged 
for  indirect  radiation.  It  consists  of  the  coil-bunker  room  A, 
fia  which  are  placed  the  coils  B,  on  posts.  These  are  pro- 
Tided  with  a  drip-pan  C.  The  cold-air  duct  D  communi- 
cates with  the  rtiom  H.  Alongside  of  D  is  another  cold-air 
duct  D"  communicating  with  the  room  G,  and  a  third  D" 
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communicattDg  vith  the  room  F.  (See  Fig.  869.)  These 
ducts  are  provided  vith  dampeni  H,  H-  The  warm  air  from 
the  room  E  passes  up  the  duct  K,  and  so  to  the  top  of  the 
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room  /  into  the  coil  bunker  A,  where  it  is  cooled  and  again 
circulates  through  the  various  rooms.  The  path  of  the  air 
is  shown  by  arrows. 

By  this  arrangement,  any  of  the  rooms  may  be  closed  off 
by  shutting  the  dampers  H.  The  duct  K  should  be  25  per 
cent,  larger  than  the  duct  D\  and  the  duct  D  should  have 
an  area  of  'i  square  inches  per  square  foot  of  floor  area  of 
the  room.  This  applies  to  cold-storage  rooms  having  a  clear 
ceiling  height  of  about  10  feet.  This  proportion  between 
the  area  of  the  duct  and  that  of  the  room  will  give  a  good 
circulation  of  air  for  a  difference  of  temperature  of  2°  between 
the  floor  of  the  room  E  and  the  ceiling  of  the  room  J. 

Fig.  359  gives  a  plan  of  the  coil  bunker  and  the  room  J, 
showing  the  subdivision  of  the  ducts  for  the  various  lower 
rooms,  as  D,  D',  D',  and  K,  K',  K'.  By  having  all  the 
coils  in  one  coil  bunker,  as  shown  here,  the  advantage  is 
gained  that  the  temperature  may  be  ascertained  without 
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going  in  more  than  one  room,  and  therefore  without  letting 
heat  into  the  other  rooms  by  opening  them.  In  this  way 
it  is  comparatively  easy  to  keep  a  constant  temperature. 
Besides,  the  complete  turning  off  of  one  coil  will  only  have 
"one-quarter  of  the  effect  on  the  temperature  that  it  would 
have  if  each  room  had  its  independent  series  of  coils,  for  if 
eiich  room  had  two  coils,  the  shutting  off  of  one  would  cut 
down  the  radiating  surface  in  the  room  50  per  cent.  If,  on 
the  other  hand,  the  coil  bunker  is  supplied  with  H  coils,  the 
shutting  off  of  any  one  of  them  cuts  down  the  radiating  sur- 
face but  12^  per  cent.  Furthermore,  all  the  drip  from  the 
>ils  is  concentrated  in  the  coil  bunker,  and  when  the  frost 
scraped  off  the  pipes,  it  falls  into  the  drip-pan  C  and  can 
easily  be  removed. 

The  disadvantage  of  this  system  is  that  all  the  rooms 
aid  be  devoted  to  the  carrying  of  one  product;  conse- 
quently, if  there  are  not  enough  goods  to  fill  all  the  rooms, 
some  space  is  lost,  and  no  other  goods  can  be  placed  in  the 
vacant  rooms.  This  is  specially  true  in  the  case  of  eggs. 
for  which  this  system  is  particularly  adapted.  The  quantity 
of  pipe  required  to  maintain  a  certain  temperature  is  essen- 
tially the  same  as  that  required  with  direct  radiation. 


1550.     Forced-Air    Circulation. 

rangement  of  an  air- 
irculating  system 
is  shown  in  Fig.  360. 
circulation  is  ac- 
complished by  means 
of  a  fan  or  blower  B, 
which  is  placed  in  the 
cooling  room  A.  The 
■  is  drawn  from  the 
various   cold-s  t  o  r  a  g  c 

oms     through     the  i' 
duct  £  into  the  central 
opening  in  the  fan  case, 
and    is   driven   by   the 


The   general 
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action  of  the  fan  through  the  brine  coils  C  and  out  through 
the  delivery  duct  D  inlii  the  rooms  O,  //.  and  y. 

An  advantage  i>f  this  system  is  that  the  bunker  rotim  A 
can  be  placed  on  the  first  floor  or  in  the  liastmeni  of  the  build- 
ing, as  it  is  not  necessary  to  have  this  room  either  directly 
above  or  below  the  various  cold-storage  rooms.  The  drip 
fnun  the  coils  of  the  bunker  will  in  no  way  injure  the  goods 
stored  in  the  rooms,  as  in  the  case  of  the  indirect -radiating 
system,  when  the  catch  pan  leaks. 

Another  advantage  of  this  system  is  that  the  rooms  may 
be  easily  ventilated.  This  is  done  in  the  following  manner: 
The  fan  j5  is  provided  with  an  extra  outlet  pipe  /,,  in 
which  is  a  damper  A'.  When  the  fan  is  running,  the  air  is 
drawn  from  the  various  r<x)ms,  and  by  opening  the  damper 
A'  and  closing  the  damper  M,  the  air,  instead  of  passing 
through  the  coils  C,  is  blown  outdoors  through  the  pipe  /. 
The  damper  Oin  the  pipe  P  is  then  slightly  opened:  this 
permits  fresh  air  to  enter  thecoil  bunker  A.  The  air  passes 
through  the  coils  C  and  is  cooled  by  means  of  them  to  the 
required  temperature  after  it  enters  the  rooms  G,  N,  and  /. 
This  arrangement  allows  all  the  dead  air  to  be  drawn 
from  these  various  rooms  and  fresh  air  to  be  admitted.  In 
some  houses,  a  separate  series  of  coils  and  ducts,  entirely 
independent  of  the  main  circulating  system,  are  arranged 
for  the  purpose  of  ventilating  the  various  rooms. 

This  indirect  forced-draft  system  is  especially  good  for 
storing  eggs;  it  creates  a  circulation  in  the  rooms,  and 
consequently  keeps  the  air  thoroughly  fresh,  besides  keeji- 
ing  the  temperature  very  nearly  uniform  throughout  the 
room.  Care  should  be  taken,  however,  not  to  run  the  fan 
or  blower  too  fast,  as  too  much  air  circulation  tends  to 
eva[M>rate  the  eggs.  The  best  way  to  regulate  the  amount 
of  air  is  to  rim  the  fan  at  such  a  speed  as  to  keep  a  differ- 
ence of  about  •i°  between  the  temperature  of  the  inlet  air 
to  the  room  and  that  of  the  air  returning  to  the  bunker. 
This  difference  should  not  be  less  than  ]".  or  a  good  deal  of 
evaporation  will  be  noticed  in  the  eggs. 

The   quantity  of   pipe  required  with  a   forced  draft    is 
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about  the  same  as  for  direct  radiation,  or,  appnixiniately, 
1  foot  of  pipe  for  every  30  cubic  feet  of  space.  The  coils  of 
pipe  should  be  so  arranged  in  the  bunker  as  to  break  the 
currents  of  air  and  yet  be  far  enough  apart  so  that  there 
is  no  danger  of  a  solid  wall  of  snow  forming  between  the 
coils. 

1551.     hharp  Freezing  — F  jr  the  purpose  of  freez- 
ing fish   rapllv     i  Sharp   1-reezer    such  as  is  shown  in 

Fig.  3t>l,    st.n[l      ed       ill',        1      t      f  a  St.  les  of  return- 


bend  coils,  one  b^ick  i>f  tlit:  nilRT,  ilie  [)i|>cs  nf  which  form 
a  series  of  shelves,  one  under  the  other.  The  brine  or  direct- 
expansion  ammonia  is  allowed  to  enter  the  top  header  con- 
necting these  various  coils,  and  the  return  is  taken  from 
the  bottom  header.  On  the  shelves  formed  by  the  pipes 
are  placed  galvaniKed-iron  pans,  20'  X  M'  at  the  bottom 
and  about  -1  inches  deep,  filled  with  fish  The  doors  cover- 
ing these  coils  are  then  closed  and  the  fish  are  allowed  to 
remain  in  the  freezer  for  15  to  30  hours.     They  are  then 
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rtiiutvcd  from  the  pans  and  packed  in  busts  about  the  size 
of  the  pan.  Before  the  fish  are  placed  in  the  pans,  they  arc 
usually  dipped  in  cold  water,  so  as  to  remove  any  salt  water 
or  fish  oil  that  may  adhere  to  them;  this  also  forms  a  tbiii 
coat  of  ice,  which  helps  to  preserve  the  fish.  If  brine  circu- 
lation is  used,  a  temperature  of  J(i°  to  15°  below  zero  is 
required  to  obtain  a  temperature  of  ii"  in  the  freezer. 

If  a  plant  is  insulated  for  the  sole  purpose  of  freezing 
fish  or  meat,  an  allowance  should  be  made  at  the  rate 
of  one  ton  of  refrigerating  eflfecl  per  ton  of  meat  or  fish 
frozen  in  every  twenty-four  hours,  in  addition  to  the  space 
cooled. 
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1552.'  Storaae  of  Eictc».  —  For  the  successful  coid 
storage  of  eggs,  a  room  should  be  equipped  with  either  the 
indirect-radiating  or  the  forced-air-circulating  system.  If 
this  is  not  possible  and  direct  radiation  is  already  installed, 
the  coils  should  be  provided  with  aprons,  as  explained  in 
Art.  1 548.  A  temperature  of  30°  to  31°  should  be  main- 
tained in  the  rooms,  and  the  relative  humidity  of  the  air 
should  be  kept  at  between  C5  and  70  per  cent,  of  saturation. 
The  eggs  should  be  placed  in  new  cases  which  have  been 
thoroughly  dried,  together  with  their  fillers,  by  placing 
them  in  a  dry  house  or  over  the  boilers.  The  eggs  should 
also  be  thoroughly  candled  before  being  put  in  the  house, 
and  only  those  that  are  perfectly  sound  should  be  stored. 
When  the  eggs  are  taken  out,  they  should  be  placed  in  a  com- 
paratively cold  room,  so  that  they  will  get  warm  gradually, 
which  will  prevent  them  from  sweating  to  any  great 
extent. 

1 653.  iStoraKe  of  Dairy  Products.  ~-  Milk  and 
cream  can  be  kept  for  a  considerable  length  of  time  if 
properly  cooled  before  storing.  This  cooling  is  effected  by 
means  of  a  cooler  built  on  the  same  general  plan  as  the 
Baudelot  cooler  used  in  breweries,  but  having  tinned-copper 
pipes   instead   of   iron   pipes   for   the  circulation  of  brine. 
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When  the  mi!k  is  allowed  U,  run  over  these  pipes,  all  the 
:4!iitiial  odor  is  ehminated,  and  ihe  milk  preserves  its  sweet- 
ness much  longer  than  when  placed  in  cans  while  warm  and 
then  put  in  a  colil-storage  room. 

Cheese  is  usually  kept  at  a  temperature  of  3+"  m  oti°. 
The  room  should  be  kept  comparatively  dry,  with  a  rt-hi- 
tive  humidity  not  exceeding  70  per  cent.,  so  as  to  avoid 
molding,  A  temperature  lower  than  34°  is  likely  to  make 
the  cheese  granular,  ami  does  not  help  to  preserve  the 
quality  any  better  than  the  higher  temperature. 

Butter  is  now  frozc-n  and  kept  at  a  temperature  of  10°. 
This  temperature  has  been  found  to  preserve  the  flavor 
much  better  than  the  higher  temperatures  used  in  former 
days.  Butter  is  usually  stored  in  OO-pound  firkins.  Small 
packages  are  not  carried  successfully,  as  it  is  very  difficult 
to  prevent  the  outer  crust  of  the  butter  from  losing  its 
flavor  and  becoming  somewhat  stale.  It  is  therefore  bet- 
ter to  use  large  firkins  and  make  prints  after  the  butter 
is  taken  from  the  storage  rooms  than  to  carry  the  prints 
themselves  in  storage. 

1554.  Storage  of  Fruit- — ^\Vinter  apples  are  carried 
at  temperatures  as  low  as  28°,  which  is  just  above  their 
freezing  point.  Care  should  be  taken  that  the  fruit  is  of  a 
good  quality  and  perfectly  sound,  in  order  to  prevent  decay. 
which  causes  fermentation,  with  the  production  of  carbonic- 
acid  gas  and  a  disengagement  of  heat.  This  heat  will  raise 
the  temperature  of  the  room,  thereby  aiding  in  the  decom- 
position of  other  apples  in  the  immediate  neighborhood. 
The  carbonic-acid  gas  resulting  from  fermentation  is  also 
rather  detrimental  to  the  proper  keeping  of  fruit. 

Bartlelt  pears  should  be  picked  green  and  stored  in  boxes 
or  small  barrels.  They  can  be  carried  successfully  from  60 
to  90  days,  if  care  is  taken  to  keep  the  room  dark  and  at  a 
temperature  of  32°  to  34°. 

All  citrus-fruits,  such  as  lemons  and  oranges,  thould 
^t  be  carried  at  a  temperature  of  H'S"  or  34°,  and  should  be 
^H     entirely  isolated   from   any  dairy  products   and   eggs.     If 
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pMNsible,  rooms  should  be  arr.-inged  that  have  separate 
entrances  from  those  going  into  the  egg  and  butter  rooms. 
The  odor  from  lemons  and  oranges  is  very  penetrating  and 
gives  a  very  disagreeable  flavor  to  eggs,  making  them  almost 

unsalable. 

1  555.  Temperature  Required  by  Different  Arti- 
cled.— Table  35  gives  the  temperatures  at  which  several 
gootis  are  usually  carried.  The  usual  rule  is  to  carry  an 
article  just  above  its  freezing  point.  There  are  a  few 
exceptions  to  this  rule,  such  as  cheese;  but  if  care  is  taken 
ti>  carry  the  room  just  above  the  freezing;  point  and  keep 
the  air  sweet  and  dry,  good  results  are  almost  always 
attained. 


TABLE   35. 

STOUARB  TBMPCRATL'HES  »F  VARIOUS   PDODtJCTS. 

Ariide- 

Storag 

Temperature. 

Berries  ...                                        

04° 

34° 

30° 

Frozen  Meat 

20° 

Furs       . 

5° 

Lemons 

33° 

Peaches 
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REFRIGBRATIOK   FOR  PACKIXC    HOV8ES. 

1556.  ChlllldK,  Storaice,  and  Preezlng  RooniH.— 

Id  packing  limises  there  are  two  kinds  of  rooms  to  l>e  cciiiled, 
viz.,  chllMiiK  roomtt  and  tttorafEe  roomii. 

Chilling  rooms  are  those  in  which  the  carcasses  are  placed 
immediately  after  the  animals  have  been  slaughtered,  in 
order  to  cool  them  from  95°  (blood  heat)  to  the  storage 
temperature,  which  is  about  35°.  The  temperature  of  chill- 
ing rooms  is  kept  at  about  28°. 

After  the  meat  has  cooled  to  about  35°  or  32",  it  is  taken 
to  the  storage  rooms,  where  it  is  kept.  The  temperature  of 
these  rooms  is  about  35°. 

It  is  often  desirable  tn  freeze  the  meat.  This  is  done  in 
special  rooms  called  freezlnfc  rooms,  which  are  kept  at  a 
temperature  of  lU"  or  under. 

1557.  HefriKcratlon  Required. — To  determine 
the  exact  amount  of  refrigeration  required,  the  chill  rooms, 
cellars,  storage  rooms,  etc.,  should  be  carefully  measured; 
the.  amount  of  refrigeration  is  then  found  by  the  rules  given 
under  cold-storage  refrigeration.  To  this  should  be  added 
the  refrigerating  effect  required  to  cool  the  meat,  as  given 
by  formula  140.  Beef,  after  being  slaughtered,  is  usually 
hung  in  a  well-ventilated  room  for  several  hours.  The 
temperature  of  the  meat,  however,  is  reduced  but  little,  and 
so  it  is  customary  to  figure  on  the  supposition  that  the  beef 
enters  the  chill  room  at  a  temperature  of  about  95°  {this 
is  the  value  of  /  in  formula  1 40).  The  beef  must  then  be 
cooled  to  at  least  33°  (this  is  the  value  of  f,  in  the  same 
formula).     The  same  applies  to  other  animals. 

If  the  weights  of  carcasses  of  different  kinds  are  repre- 
sented byw',,  Jt',,M',,  etc.,  and  the  number  of  carcasses  of 
each  class  by  «,,  «,,  «,,  etc.,  the  weights  to  be  cooled  wilt 
be  «,«',,  «,"',,  ",«',.  etc.  Substituting  these  values 
for  W,,  It',,  etc.,  in  formula  140,  and  putting  /  —  /,  =  US" 
—  36°  =  CO",  we  get,  for  the  tons  of  refrigeration  required. 


k 


/'=  .000003605  («,  I 

,0002103  (ff.nV 
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CxAMi-LE. —In  a  ( LTlain  aljbatoir  (here  am  Ti.lH^O  cubic  feet  of  chill- 
r<M>m  apacf,  10,000  of  pickling  space,  and  2«,(>00  of  (,li>ragc.  I«0  hog« 
and  30  l>ccves  are  killed  daily,  the  average  weight  of  the  hogs  being 
240  pounds  and  that  nf  the  beeves  '750  pounds.  Hnw  much  refrigeri- 
tion  is  required  ? 

Sin-i-TioN.— Total  space  =  5,000  +  lO.OOO  -t-  20,000  =  35,000  cu.  tL 
According  tu  Art.  1 5-44,  1  ton  of  refrigeration  will  be  required  fur 
8.000  cu.  ft.  of  space.  Therefore,  the  refrigeration  required  to  coo! 
M.IHM)  cubic  feet  is 

'.m.mii  _  , 


To   apply    formula    1-11, 


e  Table 


=  100,    , 


=  340, 


Substituting  these  values  ii 


the  formula,  we  gel 

F=  .000210a  (100  X  240  X  -fi  •+-  30  X  "50  X  .8)  =  «.«1  h.pk. 
The  total  amount  of  refrigeration  required  is,  then, 
.1.^  +  0.81  =  116  tons,  nearly.     Ans. 

1558.  Fnr  rough  calculations,  1  ton  of  refrigeration 
may  be  taken  to  cool  about  4,000  cubic  feet  of  chill-room 
space  and  8,000  to  lO.iMMl  cubic  feet  of  storage  <ir  pickling 
room  space. 

In  chilling,  1  ton  of  refrigeration  will  suffice  for 
•■JO  hogs  (average  weight  250  pounds), 
or  7  beeves  (average  weight  700  pounds), 

or  50  calves  (average  weight  90  potinds), 

or  70  sheep  {average  weight  75  pounds). 

For  freezing  rooms,  1  tun  of  refrigeration  per  ton  of  meat 
fnizen,  including  the  space  in  which  the  meat  is  carried,  is 
a  good  allowance. 

1559.  Chill  Hoom.^ — The  indirect  .system  should  he 
used  in  piping  chill  rooms  for  beeves,  hug^i,  sheep,  etc.  If 
there  is  sufficient  headroom,  Ihe  pipes  can  be  placed  over- 
head in  a  bunker  formed  by  means  of  drip-pans,  as  shown 
in  Fig.  302,  the  beams  for  carrying  the  meat  track  forming 
the  supports  for  the  pans.  If,  however,  the  chill  rooms 
were  originally  on   the  ice-bunker  system,  having  the  ice 

erhead,  the  latter  can  be  piped,  and  the  drip 
from  the  coils  will  then  be  caught  by  the  ice  pans.     By  this 


K  from  the 
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arrangement  the  slLam  whi  h  iias-,!.^  i  ft  fr<nn  Hit.  ine;tl  i:: 
condenbed  in  the  ile  chamber  or  coil  bunker  overhenl,  anil 
to  a  large  e\tent  takes  away  the  aniimi  odor       Lhill  rooms 


piped  on  the  sides  do  not  accomplish  this,   and  often  the 
meat  cominp  from  ihem  is  sour. 

The  quantity  of  pipe  required  to  cool  chill  rooms  is  about 
as  follows:  For  direct  expansion,  I  foot  of  2-inch  pipe  will 
suffice  for  13  cubic  feet  of  chill-room  space,  and  1  foot  of 
l^inch  pipe  will  suffice  for  9  cubic  feet.  In  case  of  brine 
circulation  with  15-degree  brine  going  to  the  chill  room, 
1  foot  of  1:^-'""^^  P'P^  wi'l  suffice  for  5  cubic  feet  of  space.  If 
the  brine  :s  at  0°  or  colder,  the  amount  of  pipe  required 
will  be  the  same  as  that  given  for  direct  expansion. 

15fK)<  Storaae  Rooms. — Storage  or  pickling  rooms 
are  piped  overhead,  if  there  is  sufficient  headroom;  other- 
wise, on  the  side  walls  or  along  the  posts.     Their  temperature 
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is  seldom  below  5".  as  picklinn  is  prevented  if  the  tcm- 
perature  goes  below  that  point.  These  rooms  are  often 
kepi  at  lemperatures  as  high  as  42°  and  45°, 

The  quantity  of  piping  required  in  case  of  direct  ex| 
sion  is  as  follows:  1  foot  of  2-inch  pipe  will  suffice  for 
about  40  cubic  feet  of  well-insulated  space  ;  1  foot  fif 
IJ-inch  pipe  will  suffice  for  30  cubic  feet  of  space.  For 
brine  circulation  with  15-degree  brine,  1  foot  of  2-inch  pipe 
will  cnol  ]5  cubic  feet  of  space,  and  1  foot  of  l^inch  pipe  will 
cool  10  cubic  feet  of  space. 
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1561.  There  are  now  two  systems  in  use  for  making 
ice,  viz,,  the  can  Hystetn   and  the  plate  syxteni.     The 

can  system  is  the  more  common  of  the  two,  being  cheaper 
in  first  cost  and  requiring  less  attention  in  manipulation. 
The  plate  system,  however,  has  the  advantage  of  being 
more  economical  in  the  end  and  of  giving  a  clearer  ice. 

1562*  The  Can  System. — ^The  apparatus  used  in  the 
can  system  consists  of  a  large  rectangular  wood  or  iron  tank 
containing  the  expansion  coils  or  pipes.  Galvanized-iron 
cans  are  placed  between  the  rows  of  expansion  coils.  These 
cans  are  filled  with  distilled  water,  and  when  the  brine 
is  chilled  below  the  freezing  point,  the  water  in  the  cans 
freezes.  If  the  temperature  of  the  brine  is  not  allowed  to 
fall  below  'i6°  and  ordinary  well-water  is  used  in  the  cans, 
the  ice  produced  will  be  comparatively  clear  on  the  outside 
and  rather  snowy  in  the  center.  If,  however,  the  brine 
temperature  is  allowed  to  fall  tii  about  15",  the  ice  will  be 
entirely  opaque. 

To  get  good,  clear  ice,  distilled  water  is  used.  This  makes 
a  bright,  clear  ice,  with  the  exception  of  a  small  core  or 
feather  in  the  center.  It  is  necessary,  however,  to  have  .i 
good   distilling  apparatus.      The   white  appearance   in   ice 
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made  from  non-distilled  water  is  due  tu  minute  air-bubbles 
wliich  are  held  in  suspension  in  the  water  and  frozen  in  the 
ice,  forming  a  sort  of  snow.  In  case  of  distilled  water,  this 
air  is  eliminated  liy  boiling  and  subsequent  evaporation. 
From  this  it  will  be  seen  that  it  is  necessary  to  make  enough 
distilled  water  in  every  tweniy-four  hours  for  the  nominal 
ice-making  capacity  of  the  plant. 

In  the  ordinary  ice  factory,  the  distilled  water  is  usually 
made  by  condensing  the  exhaust  steam  of  the  engine  oper- 
ating the  compressor  in  case  of  a  compression  plant,  or  by 
cooling  the  condensed  steam  that  leaves  the  generator,  still, 
or  retort  of  the  absorption  planr  Ordinarily  the  steam  that 
is  required  by  a  first-class  machine  of  either  kmd  is  consider- 
ably less  than  the  amount  of  ice  that  the  machine  can  make 
in  a  given  time.  It  is  therefore  necessary  to  draw  live  jteam 
from  the  boiler  and  condense  it,  in  order  to  make  up  the 
deficiency.  It  follows  from  this  that  the  economy  of  the 
plant  depends  entirely  upon  the  economy  rif  the  boiler. 

The  ordinary  yield  of  a  can  plant  is  about  6  pounds  of  ice 
per  pound  of  coal.  There  is  a  certain  loss  due  to  exhaust 
thrown  away  from  auxiliaries,  steam  leaks,  etc.,  that  brings 
the  boiler  evaporation  down  to  this  figure,  though  there  are 
lome  tests  on  record  where  a  plant  has  done  as  well  as 
8  pounds  of  ice  per  pound  of  coal.  The  ordinary  water  con- 
sumption for  condensing  purposes,  boiler,  etc.,  is  4  gallons 
per  minute  per  ton  of  ice  made  in  24  hours,  the  water 
being  well-water  at  60°  or  colder.  With  warmer  water, 
a  larger  quantity  has  to  be  used. 

1563.  Plate  SyMem.— In  the  plate  system,  the  refrig- 
erating fluid  is  circulated  through  vertical  cast  or  wrought 
iron  hollow  phites  set  on  edge  in  a  tank  of  water.  These 
plates  are  usually  about  l(i  feet  long  and  S  feet  high.  Ice 
begins  to  form  on  the  plate  and  gradiially  extends  out  into 
the  tank.  If  the  temperature  of  the  plate  is  kept  com- 
paratively high  at  the  start,  until  !J  or  :j  inches  of  ice  is 
formed,  and  then  gradually  reduced  as  the  ice  formation 
increases,  a  clear  cake  or  plate  of  ice  will  be  formed  on  each 
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side  of  the  pkile.  The  refrigerating  fluid  is  then  drained 
from  the  plate,  and  warm  water  is  introduced,  which  thaws 
the  ice  adhering  to  the  sides.  As  soon  as  the  ice  is  detached, 
it  floats  to  the  surface  of  the  water  in  the  tank,  and  is  then 
drawn  up  by  means  of  a  large  traveling  crane  and  cut  up 
on  a  special  table  fitted  for  the  purpose  into  cakes  of  the 
proper  size. 

From  the  above  description,  it  will  be  seen  that  ordinary 
filtered  water  can  be  used  in  the  cells  of  the  plate  system, 
and  the  expense  of  distilled  water  is  avoided.  Great  care, 
however,  must  be  exercised  to  prevent  the  plate  from 
freezing  too  rapidly  at  the  start,  in  order  to  avoid  the 
formjation  of  white  ice. 

Plate  ice,  in  the  average  ice-making  plant,  requires  from 
8  to  12  days  to  freeze,  according  to  the  thickness  of  the 
cake  and  the  quality  of  the  water  from  which  the  ice  is 
made.  In  the  can  system,  24  to  60  hours  is  all  the  time 
required  to  freeze  a  cake  of  ice,  according  to  the  size  of  the 
cake.  The  difference  in  time  in  the  two  systems  is  due  to 
the  fact  that  in  the  plate  system,  freezing  proceeds  from  one 
side  only,  whereas  in  the  can  system  it  proceeds  from  the 
two  sides  and  the  end. 

The  first  cost  of  a  plate  plant  is  greatly  in  excess  of  that 
of  a  can  plant.  The  floor  area  is  also  greater  for  the  plate 
plant,  but  a  good  plant  of  this  kind,  properly  put  up  and 
operated,  is,  once  installed,  by  far  more  economical  than  a 
can  plant,  and  gives  much  better  ice. 


COMPRESSION    ICB-MAKINO    PLANT    WITH    CAN  SYSTEM. 

1564.     Division  of  the  Plant. — A  complete  can  plant 
consists  of  the  following  parts: 

{(i)   Steam-boiler  plant. 
(^)  Refrigerating  or  ice-making  machine, 
(r)   Freezing  tank  with  accessories. 
(ii)  Distilled-water  system. 

A   complete   can-system  compression  plant  is  shown    in 
Fig.  363. 
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1565.  Steom  Plant.  —  For  the  purpose  of  gettin| 
gtidd,  clear  can  ice.  it  is  necessary  to  have  a  steam-boiler  of 
ample  capacity,  so  that  there  will  be  no  danger  of  the  boild" 
foaming.  A  builer  that  dues  not  give  good,  dry  steain 
invariably  causes  trouble  in  an  ice  plant,  the  ice  becoicing^j 
discolored  and  cloudy  on  account  of  the  priming.  Five 
horsepower  per  ton  of  ice  to  be  made  is  a  good  allowance, 
for  the  steam-boiler  plant. 

A  well-equipped  ice-factory  boiler  plant  consists  of  the 
following  pans  (see  Fig.  3e3): 

(a)     A  good  boiler  with  fixtures  and  stack. 

(^)     A  boiler-feed  pump. 

(c)  An  injector,  to  be  used  in  case  of  accident  to  the  feed- 
pump. 

(</)     A  feed-water  heater. 

In  countries  where  the  water  is  bad  and  contains  alkalies, 
the  steam-boiler  plant  should  be  in  duplicate,  and  in  case 
the  water  contains  sulphates,  a  live-steam  purifier  can  be 
used  with  advantage.  Under  these  conditions,  it  is  liest  to 
change  boilers  once  every  week  or  two,  giving  the  spare 
boiler  a  th'irough  cleaning,  removing  all  scale,  etc. 

1  566.  RefrlKeratlfiK-Macblne  (see  Fig.  363).— This 
consists  of  the  ammonia  compressor  £  with'  engine  /% 
ammonia  condenser  G,  oil  trap  //,  receiver  A',  and  expan- 
sion coils  L  in  the  ice  tank  M.  Usually  the  ice-machine  is 
placed  in  a  room  by  itself,  to  prevent  the  dust  from  the 
boiler  affecting  the  refrigerating  machinery.  The  com- 
pressor is  placed  upon  a  solid  stone  foundation,  and  the 
condenser,  usually  of  the  atmospheric  type,  is  placed  above 
the  compressor  in  a  latticework  tower,  sufficient  height 
being  given  to  the  condenser  so  that  the  water  passing  fnmi 
it  will  flow  to  the  exhaust-steam  condenser./,  and  from  there 
to  the  boiler-feed  pump  B.  This  allows  the  water  to  get 
quite  warm  before  it  is  sent  through  the  feed-water  heater 
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tto  the  boiler.  ^^ 

To  get  economical  results  with  a  compression  machine.  the^| 
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engine  should  preferably  be  equipped  with  some  form  of 
releasing  valve-gear,  as  the  Corliss.  A  plain  slide-valve 
engine  wiil  use  more  steam  to  operate  the  compressor  than 
the  compressor  would  be  able  to  freeze  into  ice.  The  com- 
mon practice  is  to  allow  2  tons  of  refrigerating  effett  per 
ton  of  ice  to  be  made.  The  exhaust  from  the  engine  F  is 
piped  into  the  exhaust-steam  condenser  J,  as  shown  in  the 
tigure.  It  is  from  this  exhaust  steam  that  the  ice  is  made 
after  the  grease  has  been  extracted  by  means  uf  a  sepa- 
rator jV,  If  the  engine  requires  more  steam  to  operate  it 
than  it  can  freeze  into  ice,  the  machine  is  not  economical, 
as  a  certain  amount  of  exhaust  steam  has  to  be  allowed  to  go 
to  waste.  With  the  usual  allowance  of  'i  tons  of  refrigerating 
effect  per  ton  of  ice,  and  assuming  IJ  horsepower  in  the 
steam  engine  to  be  required  per  ton  of  refrigeration,  the 
power  required  will  be  3  horsepower  per  ton  of  ice.  Thi.s 
gives  one-third  of  a  ton,  or  about  (507  pounds  of  steam  per 
horsepower  in  24  hours,  or  38  pounds  of  steam  per  horse- 
power per  hour.  As  an  ordinary  slide-valve  engine  uses 
from  40  to  50  pounds  of  steam  per  horsepower  per  hour,  it 
appears  that  an  engine  with  a  releasing  gear  or  some  form 
of  expansion-valve  must  be  used,  if  the  best  effect  is  desired. 

1567.  Ice    Plant. — The  ice-making  plant   comprises 
the  following  parts  (Fig.  363): 

(a)  Ice-making  tank  AT. 

{b)  Ice  cans  or  molds  O,  0. 

(c)  Grating  for  holding  cans  in  position. 

{<i)  Ice-can  covers. 

(<■)  Insulation  of  bottom  and  sides  of  tank. 

{/)  Brine  agitator  /'. 

{g)  Crane  Q  with  geared  hoist  and  i-an  lift. 

(A)  Ice-can  dump  A'. 

(/)  Can  filler  i"  with  hose. 

[J)  Expansion  coils  /,  witii  headers  and  valves. 

{k)  Brine  hydrometer  and  thermometer. 

1568.  Ice  tanks  are  usually  made  of  steel,  though  ii 
some  plants  wood  is  used.     Steel  tanks  should  be  made  o 
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J-inch  sieel  for  tanks  'A  feet  or  more  in  depth,  ,y-inc)t  steel 
being  heavy  eiinugh  fur  tanks  30  inches  deep.  The  tank 
should  be  properly  braced  and  reinfoned  and  have  an  angle- 
iron  rim  punched  for  bolt-holes  around  the  top,  so  that  the 
grating  can  be  securely  attached  thereto. 

1569.  Expansion  coilsshould  be  of  extra  heavy  pipe 
and  should  rim  the  full  length  of  the  tank,  one  coil  between 
each  row  of  cans.  The  coils  should  he  continuously  welded 
throughout  their  lengths,  with  tails  carried  through  the  end 
of  the  tank,  siuffing-boxes  being  provided  on  the  tank  to 
prevent  brine  leakage.  The  coils  are  usually  strapped  in 
such  a  manner  as  to  permit  the  grating  to  be  supported  by 
(he  straps,  as  shown  m  Fig  364      There  should  be  lOU square 


FIG.  an. 
feet  of  coil  surface  for  each  ton  of  ice  made.     Bach  coil 
should  be  provided  on  its  inlet  with  an  expansion-valve  and 
the  outlet  should  be  provided  with  a  stop-valve. 

I  570.  Ice  Canw. — ^The  ice  cans  or  molds  in  which  the 
ice  is  frozen  are  usually  made  of  various  sties,  and  the  cakes 
of  ice  fomieil  in  them  usually  weigh  between  SO  and  30(t 
pounds. 

To  find  the  net  weight  in  pounds  wt  the  cake  formed  in  a 
can,  find  the  volume  of  the  can  in  cubic  feet:  multiply  the 
result  by  57.2  (weight  ot  a  cubic  foot  of  ice)  and  take  S  per 
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cent,  off  ibe  product   (this    to    allow    for    thawing).       The 
result  will  be  the  required  net  weight. 

The  can  should  generally  be  made  of  16-pound  galvan- 
ized iron,  although  for  small  ones  18-pound  galvanized  iron 
may  be  used.  The  best  cans  are  made  of  what  is  known 
as  "Best  Bloom  stretched  and  patent  leveled  galvanized 
iron,"  Such  iron  is  perfectly  flat,  and  has  no  inequalities 
in  it.  Ice  cans  are  usually  made  with  a  slight  taper  from 
the  bottom  upwards,  which  permits  the  ice  to  slide  out 
easily  after  it  has  been  thawed  free  of  the  can.  The  smaller 
sizes  of  cans  have  one  Joint  along  the  sides,  near  one  of  the 
corners,  and  the  larger  sizes  one  or  two  joints.  These  joints 
should  be  riveted  on  1-inch  centers,  with  all  rivet  heads 
driven  close.  The  seams  should  then  be  soaked  with  solder 
and  floated  flush.  The  bottoms  are  usually  flanged  and 
inverted  into  the  body,  the  joint  being  made  by  riveting  and 
soldering  in  place.  The  top  of  the  can  should  be  reinforced 
with  a  band  of  flat  iron,  and  the  edge  of  the  can  should  be 
wired  over.  Two  holes  are  punched  in  the  long  side  of  the 
can,  under  the  band,  for  lifting, 

1571.  Tank  Surface. — With  brine  at  15°  in  the  ice 
tank,  and  a  good  circulation,  an  8-inch  ice  can  will  freeze 
solid  in  about  24  hours,  an  11-inch  can  in  30  to  36  hours, 
and  a  1-1-inch  can  in  ■10  to  48  hours.  In  very  warm  weather, 
the  brine  sometimes  rises  to  a  temperature  higher  than  15°. 
Ice  plants  are  therefore  usually  constructed  with  a  real 
capacity  greater  than  their  nominal  capacity;  the  ratio  of 
the  former  capacity  to  the  latter  is  called  the  surface  of 
the  tank.  For  example,  a  10-ton  plant  having  2^  surfaces 
would  indicate  that  the  total  capacity  of  the  ice  cans  was 
aj  X  10  =  25  tons.  Plants  having  8-inch  cans  are  con- 
structed with  surfaces  of  IJ  to  2;  those  havingll-inch  cans 
with  surfaces  of  2  to  2^,  and  those  having  l+-inch  cans  with 
surfaces  of  24  to  3.  These  proportions  permit  of  a  slight 
rise  in  the  brine  temperature  and  also  allow  a  certain  quan- 

1^    tity  of  ice  to   be  carried  frozen  in  the  cans,  which  can  be 

^ft    pulled  in  case  of  great  demand. 
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1572.  Grating  and  Covers. — The  tcc-cail  grating  tl 
usually  niaiie  of  hard  wnod,  such  as  oak  or  ash,  firmly  boiled 
together  wilh  galvanized-iron  cross-straps.  Such  a  gr»Vng 
is  shown  in  Fig,  364.  It  will  be  seen  that  the  rim  £  of  the 
ice  cans  rests  on  the  galvaniKed-iniii  cross-strap  B,  which  is 
mortised  into  the  oak  strip/?.  The  upper  strip  6* on  which 
the  can  covers  A"  rest  is  mortised  out  with  a  groove  y.  In 
this  is  placed  a  stick  or  button  Z.,  which  firmly  buttons  the 
can  down,  so  that  it  can  not  float  up.  The  oak  strip  F  is 
supported  by  means  of  the  expansion-coil  straps  G,  which 
are  mortised  into  it,  and  which  in  turn  support  the  expan- 
sion coil  //.  Through  bolts  firmly  bolt  C.  D.  F,  and  B 
together,  making  a  very  rigid  framework.  The  can  covers 
are  usually  made  of  two  pieces  of  oak,  well  nailed  together. 
with  two  layers  of  goiid  insulating  paper  in  between.  The 
ends  of  these  covers  are  sometimes  hollowed  out  with  a 
recess,  which  permits  the  cover  to  be  raised  easily,  while 
other  covers  arc  provided  with  regular  plates  and  handles 
for  lifting. 

1573.  Insulation. —  l^hc  ice  tank  should  be  insulated 
in  the  manner  described  in  Art.  147t>.  the  grating  being 
allowed  to  project  over  the  edge  of  the  tank  and  the  insu- 
lation being  nailed  fast  thereto. 

1574.  Agitator. — In  order  to  get  a  high  efficiency 
from  the  expansion  coils  in  the  tank  and  freeze  the  ice  rap- 
idly, agitators  are  used.  They  are  of  three  classes,  viz., 
centrifugal  pumps,  displacement  pumps  discharging  into 
distributing  pipes,  and  propellers. 

The  object  of  the  centrifugal  pump  is  to  circulate  a  large 
quantity  of  brine,  and  thereby  keep  a  comparatively  even 
temperature.  The  usual  method  is  to  take  the  brine  from 
one  corner  of  the  tank  and  discharge  it  into  a  header  along 
the  opposite  side.  This  insures 
culation  and  causes  the  ice  to   fc 

When,  however,  it  is  desired  to  have  some  cnUI  storage  in 
connection  with  the  ice  plant,  and  it   is  necessary  lo  use  a 


mparatively  rapid 
niich  faster  in  the  ice 
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displacement  pump,  such  as  an  ordinary  steam-pump,  to 
circulate  the  brine  throughout  the  cold-storage  rooms,  the 
centrifugal  pump  can  be  done  away  with  by  properly 
arranging  distributing  pipes  in  the  brine  tank.  Such 
arrangement  is  shown  in  Fig.    365.      The    brine-pump  B, 


drawing  the  brine  from  near  the  top  of  the  ice  tank  A,  dis- 
charges it  through  the  coils  in  the  cold-storage  rotm)  C. 
After  passing  through  these  coils,  it  returns  to  the  brine 
tank  and  enters  the  header  D\  from  there  it  is  distribiiled 
through  the  distributing  pipes  F,  which  are  perforated  with 
small  holes.  It  is  advisable  to  place  one  of  these  distrib- 
uting pipes  under  each  line  of  expansion  coils,  as  this  per- 
mits the  brine  to  impinge  on  the  coils  and  increases  their 
efficiency. 

A  propeller  arrangement  is  shown  in  Fig.  3f;r>.  The  pro- 
peller B  is  driven  by  a  belt  or  direct-connected  engine  at  A 
and  runs  in  a  casing  E.     Wood   partitions  are  built  in  thq 
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tank  between  the  rows  of  cans  and  along  the  expansion  coils 
C,  C,  C,  as  shown  at  F,  F,  F,  the  ca^ng  being  made  fast  in  the 
end  of  the  partition.  When  the  propellers  are  in  operation, 
the  brine  is  circulated  as  shown  by  the  arrows.     A  12-incfa 
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prnpclltT  will  suffice  for  a  ](>-ton  ice  tank  and  an  IS-inch 
propellor  f.tr  a  l.i-t-in  tank.  This  arrangement  makes  a 
vi-ry  etBcient  method  of  oirciilating  the  brine,  though  it 
rei]uiri'S  more  power  to  operate  it  than  either  of  the  two 
systems  dcsoriticd  above. 

1575.  Crane  nnd  Holnt. — Ice  plants  are  usually  pro- 
vided with  hand  cranes  of  the  traveling  type.  A  crane  of 
this  kiiui  ctmsists  of  a  light  channel-iron  frame  on  which 
moves  a  4-wheel  trolley  provided  with  a  geared  hoist.  On 
the  drum  of  the  hoist,  a  rope  or  chain  is  run,  and  to  this  is 
fastened  a  can  latch,  a  common  fornt  of  which  is  shown  in 
Fig.  367.     The  latches  v/,  A  are  provided  with  hooks  on  the 
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under  side;  these  liooks  engage  into  the  holes  in  the  sides 
of  the  can  B.  When  the  ends  of  the  latches  are  moted  in 
the  direction  of  the  arrows,  the  hooks  disengage  and  the 
can  is  released.  With  a  traveling  crane  and  a  geared 
hoist,  one  man  can  handle  from  15  to  20  tons  of  ice  in 
13  hours.     If,  however,  the  plant  is  larger  in  capacity  and  it 


Fig. 


is  desired  to  economize  labor,  a  pneumatic  hoist  is  recom- 
mended in  place  of  the  geared  hoist.  Pneumatic  hoists  are 
now  made  with  a  latch  attached  to  the  hook  of  the  hoist 
that  raises  two  cans  from  the  tank  at  once.  With  such  a 
device,  one  man  can  pull  from  40  to  50  tons  a  day,  or  more 
than  double  the  quantity  he  can  pull  with  a  geared  hoist. 

1576.  Can  Dump  and  Filler. — The  can  dump,  or 
tilting  frame,  is  shown  in  Fig.  308.  It  consists  of  a  drip 
pan  or  tank  A,  to  which  are  riveted  fast  a  pair  of  supporting 
brackets  B.  These  supporting  brackets  are  provided  with 
a  hollow  trunnion  C,  to  which  the  water  connection  /)  is 
made.  The  box  E  is  hung  on  the  trunnions,  and  in  it  is 
placed  the  ice  can  F.  The  spray  pipes  G  are  also  connected 
with  the  trunnion  C.     The  arrangement  of  the  trunnion  is 
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such  that  when  the  tilting  b»»x  E  \s  in  the  position  shown 
by  the  full  lines,  no  water  enters  the  perforated  pipes  G\  but 

when  it  is  rocked  on  the 
trunnions  and  takes  the 
position  E\  the  water  is 
automatically  admitted 
into  the  pipes  C,  from 
which  it  flows  over  the 
ice  can  and  thaws  the 
ice  out  of  it.  The  box  E 
is  so  weighted  that 
when  the  ice  leaves  the 
can,  the  box  returns  by 
itself  to  the  first  posi- 
tion and  shuts  the 
water  off  automatically. 
In  some  of  the  smaller  plants,  a  dipping  tank  is  used,  which 
is  kept  partially  filled  with  warm  water.  The  can  is  im- 
mersed in  this  tank  and  then  drawn  out  again,  the  ice  being 
freed  bv  this  means. 

1577.  FUHiiK  the  Cans. — After  the  ice  is  dumped 
out  of  the  can,  tlie  latter  is  brought  back  to  its  original  place 
in  the  tank.  It  is  then  necessarv  to  refill  it  with  water  for 
freezint^.  This  is  accomplished  by  means  of  an  atitomatic 
can  rtllcr.  A  hose  is  connected  with  the  filters  of  the  dis- 
tillcd-water  system,  and  to  this  hose  the  can  filler  is  attached. 
After  the  can  is  placed  in  its  position  in  the  ice  tank,  the 
can  filler  is  inserted  and  a  trigger  with  which  it  is  provided 
is  pulled.  This  starts  the  water  running  into  the  can. 
When  the  water  has  reached  the  desired  level  in  the  can,  a 
ball  float  strikes  the  trigger  and  shuts  otf  the  water-supply. 
In  this  manner,  any  number  of  ice  cans  may  be  filled,  the 
operation  requiring  little  attention.  All  the  cans  are  filled 
to  exactlv  the  same  level. 


1578.     Ice-Storage    Piping. — In   an    ice  plant,   it  is 
advisable  to  have  an  ice-storage  room   that  will   hold  a  two 
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or  four  week  run,  as  this  will  permit  tlie  plant  to  bn  slaned 
several  weeks  in  advance  of  the  ice  season,  so  that  there 
may  be  a  good  supply  on  hand  when  the  season  opens. 
Then  it  will  be  possible  to  shut  down  the  machine  in  case  it 
is  necessary  to  make  slight  repairs,  and  the  increased 
demand  during  very  hot  weather  may  be  accommodated. 
Care  should  be  taken  to  properly  insulate  the  room,  to  pre- 
vent radiation  as  much  as  possible.  It  should  be  sufficiently 
high  to  store  two  tiers  of  ice  on  end,  and  the  piping  that 
keeps  the  room  cool  should  be  arranged  overhead,  with  a 
space  of  at  least  2  feet  between  the  tup  of  the  upper  tier  and 
the  brine  pipes.  The  walls  should  be  furred  out  to  a  dis- 
tance of  ij  or  8  inches,  and  slats  should  be  nailed  on  the 
furring  pieces  to  prevent  the  ice  from  coming  in  contact 
with  the  warm  side  walls.  In  case  1^-inch  pipe  is  used  for  the 
piping,  1  lineal  foot  of  pipe  will  suffice  for  about  10  cubic 
feet  of  space.  These  rooms  should  be  kept  at  a  temper- 
ature of  about  28",  no  lower  temperature  being  advisable. 
as  the  ice  is  liable  to  check  or  honeycomb.  The  ice  should 
be  placed  on  end  and  a  space  of  about  ^  inch  left  between 
the  cakes,  and  slate  or  boards  should  be  placed  over  the  first 
layer  before  the  second  is  put  in.  The  temperature  of  the 
ice-storage  room  should  not  be  allowed  to  go  above  30°,  as 
the  ice  is  liable  to  melt,  and  if  this  happens,  the  cakes  will 
freeze  together  when  the  room  cools  down  again  and  it  will 
be  necessary  to  quarry  out  the  ice. 

1579.  Water-Supply. — An  ice  plant  should  be  pro- 
vided with  an  independent  water-supply,  such  as  a  well, 
river,  or  lake,  and  have  its  own  water-pump  A'  (Fig.  ^(j:!)  for 
the  purpose  of  circulating  the  condensing  water.  The 
water  is  usually  piped  first  to  a  receiving  tank  T,  from 
there  to  the  ammonia  condenser  C,  then  to  the  steam  con- 
denser V,  to  the  boiler-feed  pump  /?,  from  which  it  is  passed 
through  the  feed-water  heater  to  the  boiler  A.  A  separate 
supply  of  water  direct  from  the  pump  is  usually  taken  to 
the  dislilled-water  cooler  {'.  With  the  water  at  about  Gti", 
4  or  5  gallons  per  minute  are  usually  allowed  for  each  ton 
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of  ice  made  in  ^4  hours.  In  case  the  waLer  is  warm,  say 
80°  or  over,  6  to  H  gallons  per  minute  should  be  allowed. 

1580.  DIstlllsd-Water  Apparatus.— The  distilled- 
water  system  consists  of  the  following  parts: 

{a)     Oil  separator. 

(/')     Back-pressure,  or  relief,  valve. 

{(■)     Exhaust-steara  condenser. 

[if)    Reboiler  and  skimmer. 

(f)      Hot  filter. 

(/)    Cooling  coil. 

(^)   Gas  for  cooler. 

(//)    Cold  filter. 

The  usual  process  of  distillation  is  as  follows  {see  Fig.  3G9) : 
The  exhaust  steam  on  leaving  the  engine  passes  to  the  oil 
separator  B.  Here  all  the  oil  and  any  priming  water  that 
the  steam  may  contain  are  separated  out.  The  steam  then 
passes  to  the  exhaust-steam  condenser  J).  Any  surplus 
steam  that  is  not  immediately  condensed  in  V  is  taken  care 
of  by  the  back-pressure  valve  C,  which  is  usually  set  at 
about  3  or  3  pounds  above  the  atmosphere.  A  small  vent- 
cock  is  also  provided  in  the  pipe  at  P  for  the  purpose  of 
relieving  the  steam-pipe  of  any  air  or  other  extraneous 
gases.  The  condensed  steam  then  passes  to  the  reboiler  £, 
where  it  is  reboiled  by  means  of  live  steam.  The  reboiler 
is  arranged  with  a  skimming  diaphragm,  su  that  any  light 
impurities  may  float  to  the  surface  and  be  skimmed  off  and 
go  to  waste  through  the  pipe  F.  The  reboiled  condensed 
steam  now  passes  through  the  pipe  (7  to  the  hot  filter//, 
whence  it  goes  to  the  distilled-water  cooler  A".  Here  it  is 
cooled  down  to  the  temperature  of  the  condensing  water 
and  then  enters  the  top  of  the  forecooler  /..  In  this  vessel 
it  is  cooled  down  to  a  temperature  of  46°  or  60°;  then  it 
passes  through  the  cold  filter  M,  and  finally  to  the  cans 
through  the  hose  JV.  The  object  of  distillation  is,  in  the 
first  place,  to  eliminate  all  oil  and  other  foreign  matter,  and 
then  to  expel  any  air  or  gases  that  may  be  contained  in  the 
water  when  it  enters  the  boiler.     Most  of  these  gases  are 
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blown   out  of  the  puck  I 
nff  in  the  reboiler  E. 

1581.  Oil  t^epnrator.^It  is  very  important  to  get 
a  first-class  oil  separator  on  the  exhaust-pipe.  The  sepa- 
rator should  he  made  the  full  size  of  the  exhaust-pipe,  as  a 
smaller  separator  is  insufficient  to  separate  out  all  the  oil 
carried  by  the  steam. 

1582.  Exhaust-Steam  Candenxtsr.  —  The  exhaust- 
steam  condenser  is  usually  of  the  atmospheric  type;  it  is 
made  of  3-inch  pipe,  enough  coils  being  used  to  give  an  area 
of  1^  to  3  times  the  area  of  the  main  exhaust-pipe.  Enough 
water  is  run  over  these  coils  to  condense  the  steam,  but  not 
sufficient  to  cool  the  condensed  steam  to  any  extent.  About 
8  square  feet  of  surface  per  ton  of  ice  made  per  24  hours  is 
a  good  proportion. 

1583.  Reboiler  and  Skimmer. — The  reboiler  and 
skimmer  is  shown  in  detail  in  Fig.  370.     This  form 


monly  used  and  is  quite  popular,  as  it  works  well  and  is 
cheap.  It  consists  of  a  rectangular  tank  A,  which  is  pro- 
vided with  a  heavy  galvanized-iron  diaphragm  B,  reaching  to 
within  3  or  4  inches  of  the  top  of  the  tank.  The  end  of  the 
tank  nearest  the  diaphragm  is  provided  with  a  pipe  flange  P 
for  taking  oti  the  water  that  is  skimmed  over  the  diaphragm. 
The  water  inlet  at  C  is  connected  with  the  exhaust-steam 
condenser  and  is  provided  with  a  perforated  pipe  £  inside 
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the  tank.  The  water  oimiug  from  the  condenser  enters 
through  this  pipe  and  is  ciistribuled  across  the  whole  width 
of  the  tank.  Any  trace  of  oil  that  may  have  escaped  the 
separator  wilt  float  to  the  top  and  be  skimmed  off  by  means 
of  the  diaphragm  li. 

The  reboiling  is  accompHshed  by  means  of  the  galvanized 
coil  F,  which  is  connected  with  the  live-steam  pipe  at  0 
and  is  provided  with  perforated  openings  at  H.  The  live 
Steam  entering  G  heats  the  water  near  that  end  of  the  tank 
to  the  boiling  point  and  keeps  it  boiling  throughout  the 
whoie  length  of  the  coil;  the  condensed  live  steam  passes 
out  through  the  perforations  in  H.  This  allows  the  whole 
body  of  distilled  water  that  is  contained  in  the  tank  A  to  be 
thoroughly  freed  from  air,  etc.,  while  it  is  passing  from  the 
inlet  C  to  the  outlet  A'.  The  outlet  A',  which  connects  with 
a  hot  filter,  is  provided  with  a  float-valve,  which  is  so 
arranged  that  when  the  lank  is  full  the  valve  is  wide  open; 
it  shuts  gradually  as  the  water  level  drops  in  the  tank  A, 
and  entirely  closes  when  the  level  is  some  2  or  3  inches 
above  the  valve.  This  arrangement  prevents  the  distilled 
water  from  being  charged  with  air,  as  the  water  level  can 
not  drop  down  to  that  of  the  outlet,  and  permits  the  skim- 
mer to  work  during  the  time  that  the  can  filler  is  not  in 
use  and  when  the  tank  has  reached  its  level  and  is  over- 
flowing. All  parts  of  the  distilled-water  apparatus,  inclu- 
ding coils,  etc.,  should  be  heavily  galvanized  or  else  made 
of  copper  or  brass. 

1584.  Filter*. — The  filters  are  usually  heavy  sheet- 
iron  or  cast-iron  galvanized  cylinders  provided  with  a  per- 
forated false  bottom.  On  this  perforated  bottom  the  filter- 
ing material  is  placed.  In  ice  making,  filters  usually  filter 
from  top  down,  though  some  engineers  prefer  to  filter  from 
bottom  up.  All  connections  should  be  made  in  tfie  side  of 
the  cylinder,  so  that  the  covers  can  be  readily  removed  for 
cleaning  or  recharging.  Stop-cocks  or  valves  should  also  be 
provided  on  the  distilled-water  conneciions  from  and  to  the 
filters,  and  by-pass  connections  should  be  made  so  that   the 
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filter  can  be  shut  off,  the  by-pass  openeil.  and  the  runninf; 
of  the  plant  not  interfered  with  when  the  filter  is  being 
recharged  <ir  cleaned.  As  the  distilled  water  that  is  used  in 
an  ice  plant  is  comparatively  free  from  impurities,  the  filters 
do  not  have  much  work  to  do,  and  it  is  usually  sufficient  to 
charge  a  filter  once  a  season.  For  this  reason,  wash-out 
filters  of  different  patent  makcsare  seldom  used  in  distilled- 
water  plants, 

When  the  filter  is  recharged,  it  should  be  thoroughly 
rinsed  with  distilled  water  so  as  to  drive  out  all  air  and  wash 
the  filtering  material. 

It  is  advisable  to  let  the  distilled  water  run  to  waste  for 
some  time  before  filling  any  cans,  so  as  to  be  sure  that  all 
air  and  other  gases  are  eliminated. 

For  hot  filters,  crushed  quartz  is  found  very  efficient.  For 
cold  filters,  quartz,  sand,  or  maple  charcoal  may  be  used. 
Filters  between  the  forecooler  and  the  ice  tank  are  found 
very  effective  for  eliminating  certain  red  cores  in  ice,  as 
this  red  does  not  precipitate  except  at  a  temperature  very 
near  the  freezing  point. 

For  either  sand  or  quartz  filters,  1  square  foot  of  filtering 
surface  is  sufficient  for  a  15-ton  ice  plant.  In  filters  that 
filter  from  topdown,  if  the  cans  are  found  to  fill  slowly,  the 
cover  of  the  filter  can  be  removed  and  the  top  of  the  filter- 
ing material  skimmed  off  with  a  shovel,  which  will  remove 
with  it  most  of  the  foreign  matter  without  the  necessity  of 
recharging  the  filter. 

1585.     Water-CooIIng  Coils. — The  cooling  coils  are 

built  like  the  steam  condenser,  but  usually  of  pipes  of  a 
smaller  size.  The  inlet  is  at  the  top  of  the  coil  and  the  out- 
let at  the  bottom.  Four  square  feet  of  pipe  surface  should 
be  allowed  for  each  ton  of  ice. 

15S6<  Gas  Forecooler. — The  gas  forecooler  colisists 
of  a  cylindricat  or  rectangular  tank,  in  which  are  placed  gal- 
vanized-iron  pipe  coiis.  These  coils  are  connected  at  the  top 
and  bottom  with  the  compressor  suction-pipe  and  the  expan- 
sion coils  from  the  tank,  respectively.      The  cold  gas  leaving 
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the  expansion  coils  in  the  ice  tank  passes  tlirough  these  coils 
and  cools  the  water  contained  in  the  body  of  the  forecooliiig 
tank.  The  area  of  these  coils  should  in  no  case  be  less  than 
that  of  the  main  suction-pipe  of  the  machine.  The  best 
practice  makes  them  from  H  to  2  times  the  area  of  that  pipe. 
The  coils  should  be  kept  well  away  from  the  body  of  the 
lank,  so  that  ice  may  form  on  them  without  freezing  against 
the  walls  of  the  tank  and  bursting  it.  The  tank  should  be 
provided  with  a  cover  and  should  be  air-tight,  as  it  is  sub- 
jected to  the  pressure  of  the  water  from  the  reboiler. 

The  usual  allowance  for  forecooling  coils  is  4  to  5  square 
feet  per  ton  of  ice. 

A  forecooler  added  to  the  plant  allows  the  water  to  come 
to  the  ice  cans  at  a  temperature  of  40°  to  50°  and  increases 
the  capacity  of  the  plant  considerably. 

1587.  Distilled- Water  Connectlonfi.  —  All  connec- 
tions and  shells  of  all  vessels  should  be  either  of  block  tin 
or  galvanized  iron.  All  valves  should  be  of  composition, 
no  iron-body  valves  being  used,  after  the  exhaust  steam  once 
enters  the  steam  condenser.  The  various  parts  of  the  dis- 
tilled-water  system  should  be  connected  with  live-steam 
pipes,  so  as  to  permit  of  their  being  blown  out  and  thor- 
oughly cleansed.  Blow-off  cocks  should  be  provided  at  short 
intervals  on  the  various  pipes,  and  all  filters  and  other  closed 
vessels  should  be  provided  with  them.  If  the  distilled  water 
begins  to  run  slowly  into  the  cans,  this  indicates  that  the 
filters  need  cleaning  or  recharging. 


ABSORPTION     ICE-MAKING     PLANT    WITH    CXX    SVSTEM. 

1 588.  General  Deserlptlon.^The  absorption  ma- 
chine is  well  adapted  for  making  ice,  as  it  does  not  pro- 
duce oil  in  the  exhaust  steam  as  does  the  compression 
machine.      The  usual  arrangement  is  to  take  the  condensed 


steam  that  leaves  the  generator  to  the  r 

I  it  through  the  water-cooler  to  the  filters, 
ice  cans.  This  arrangement  makes  it  u 
any  oil  traps,  skimmers,  etc. 


eboilsr,  then  pa.ss 
and  finally  to  the 
nnecessary  to  use 
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The  general  arrangement  of  an  absorption  ice-making 
plant  is  shown  in  Fig.  ^71.  The  steam  main  E  leading  from 
the  boiler  furnishes  steam  to  the  generator  A  and  pumps 
IF,  Xy  >',  and  Z.  The  exhaust  from  the  four  pumps  is  led 
to  the  main  F,  and  thence  passes  through  the  feed-water 
heater  G.  The  steam  from  the  generator  passes  to  the  small 
receiver  D  and  from  there  to  the  reboiler  H.  The  course  of 
the  ammonia  may  readily  be  followed ;  the  gas  from  the  gen- 
erator passes  to  the  rectifier  B,  thence  to  the  condenser  C. 
The  liquid  gathers  in  the  receiver  L  and  is  admitted  to  the 
brine  coil  f  through  the  expansion-valve  S.  The  gas  from 
the  coil  f/is  carried  by  the  pipe  Q,  which  passes  through  the 
cooler  A',  to  the  absorber  V.  The  pump  X  takes  the  liquor 
from  the  absorber  and  delivers  it  to  the  exchanger,  which  in 
Fig,  371  is  hidden  behind  the  analyzer.  The  student  will 
find  it  advantageous,  in  tracing  the  course  of  the  gas,  to 
compare  Fig.  371  with  Fig.  351. 

The  pump  K  takes  water  from  some  source,  as  a  well  or 
city  water-supply,  and  delivers  it  to  the  tank  T  in  the  top  of 
the  building.  From  this  tank  it  flows  over  the  rectifier  and 
condenser  into  a  pan  below  them.  From  this  pan  is  drawn 
the  water  for  the  boiler-feed  pump  W  and  for  the  absorber 
V.     The  pump  Z  is  used  to  circulate  the  brine, 

15S9.  The  DlHtllled-Watur  System — The  course 
of  the  distilled  water  is  more  clearly  shown  in  Fig.  37:i.  The 
steam  enters  the  generator  A  through  the  pipe  B,  and  after 
condensing,  passes  out  at  C  to  a  small  receiver  D  having  a 
gauge-glass  E  at  one  end.  The  outlet  of  this  receiver  is  at 
the  bottom;  from  it  a  pipe  F,  which  can  be  throttled  at  G, 
leads  to  the  reboiler//.  Here  the  distilled  water  is  thor- 
oughly reboiled,  then  it  passes  successively  to  the  cooler  K, 
the  filter  /,  and  finally  to  the  ice  cans. 

The  upper  portion  of  the  distilled-water  cooler  K  is  fitted 

with  a  helical  coil  N,  whose  tails  /,  and  ^f  project  through 

^     the  side  of  the  tank.     The  gas-forecooling  coil  0  is  in  the 

^L    lower  portion  of  the  tank,  with  its  tails  P  and   Q  passing 

^H   through  the  shell,  as  shown,     The  water  used  for  cooling  the 
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distilled  water  enters  the  bottom  of  the  coil  N  through  ibe 
tail  M  and  passes  out  at  L,     The  absorber  suction-pipe  Q 


FIG.  37V. 

is  connected  with  the  upper  tail,  and  the  return-gas  header  R 
of  the  expansion  coil  is  connected  with  the  lower  tail  of 
the  forecooling  coil  O. 

The  method  of  operation  is  as  follows:  After  the  machine 
lias  been  started  and  distilled  water  begins  to  accumulate  in 
the  receiver  D.  as  shown  by  the  glass  H,  the  valve  G  is 
opened  slightly  so  as  to  keep  the  level  of  the  liquid  in  E  con- 
stant. This  permits  the  distilled  water  to  enter  //and  pass 
to  waste  over  the  skimming  diaphragm.  After  the  ma^s  of 
water  in  M  has  become  thoroughly  heated  up  and  rcboiled, 
it  is  allowed  to  follow  the  course  above  described  to  the  ice 
cans. 

1590.  Operatlntc  the  Plant. — When  a  can  plant  is 
first  started,  live  steam  should  be  allowed  to  blow  for  several 
hours  through  the  various  parts  of  the  distilled-watcr  system. 
The  distilled  water  is  then  turned  on  and  allowed  to  run  to 
waste  for  several  days  before  any  cans  are  filled.  As  the 
plant  is  designed  to  keep  the  brine  at  a  certain  temperature 
while  freezing  the  water  in  the  cans,  and  as  it  is  the  heat 
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given  off  by  the  water  in  freezing  that  prevents  the  brine 
from  falling  below  that  temperature,  it  is  advisable  not  to 
run  the  plant  with  the  cans  empty,  as  otherwise  the  tempera- 
ture may  drop  so  much  as  to  freeze  the  brine.  In  order  to 
have  the  cans  full  when  the  plant  is  first  started,  ordinary 
city  or  well  water  may  be  used  to  fill  them  with,  as  it  is  of 
course  impossible  to  get  distilled  water  before  the  machinery 
has  been  running  for  some  time.  The  ice  from  this  water  is 
very  poor  and  need  not  be  used  except  in  case  of  necessity. 
It  takes  from  4  to  5  days  to  freeze  the  batch  of  ice  from  this 
water,  but  the  pulling  of  the  ice  may  be  begun  at  the  end  of 
the  third  day  even  though  the  cakes  are  not  thoroughly 
frozen.     Then  the  cans  are  filled  with  distilled  water. 

1591>  The  capacity  of  an  ice  plant  is  governed  more 
particularly  by  the  number  of  cans  filled  than  by  those  pulled 
in  a  given  time.  Some  unscrupulous  builders  of  ice  machin- 
ery, taking  advantage  of  this  fact,  freeze  tip  the  initial,  or 
first,  batch  of  ice,  which  gives  them  as  a  start  2^  times  the 
nominal  capacity  of  the  plant.  The  plant  is  then  operated 
for  a  week  and  is  able  to  turn  out  from  5  to  10  per  cent, 
more  ice  than  its  nominal  capacity.  This  is  due  to  the  fact 
that  they  start  with  a  tank  full  of  ice  and  end  up  with  one 
nearly  empty.  A  30-day  run  is  the  minimum  time  on  which 
the  capacity  of  an  ice  plant  should  be  based. 

1  592.  If  it  is  found  necessary  to  shut  a  can  plant  down 
for  any  length  of  time,  cart-  should  be  taken  to  see  that  all 
cans  in  which  the  ice  has  freed  itself  from  the  side  of  the 
can  and  floated  up  are  emptied  and  refilled  with  fresh  water. 
If  this  is  not  done,  the  cans  will  be  bulged  and  the  bottoms 
may  burst  when  the  plant  is  started  again.  In  the  case  of 
an  absorption  plant,  the  generator  coil  should  be  thoroughly 
blown  out  every  2-i  or  36  hours  so  as  to  eliminate  all  rust, 
.  etc. 

PLATE   ICG  PLANTS. 

1593.  The  Two  Systems  Tned.— There  are  two 
systems  of  plate  ice  plants,   viz. :    the  dry-plate  and  the 
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^retirptate  sysiem.  In  ihe  dry-plaic  systfni,  the  aniniinia 
gas  is  expanded  into  a  retam-bend  roil,  such  as  is  shown 
in  Pig.  3T3.  the  space  between  the  niiis  being  filled  in 
with  wood  or  in-n.  so  as  to  separate  the  two  cakes  form- 
ing on  the  sides  of  the  coil.  In  the  wet-plale  system, 
the  freezing   is  accnmpltshed  by  means  of  a   tank   or  cell 


several  inches  thick,  in  which  brine  circulates.  This  tank 
either  contains  the  direct-expansion  coil  or  else  the  brine 
is  piped  from  a  separate  cooling  tank  or  brine  cooler  to 
the  celts.  In  either  case  the  ice  adheres  to  the  side  of  the 
plate,  and  when  the  right  thickness  is  reached,  it  is  thawed 
off  by  running  either  warm  brine  or  water  into  the  ceils,  or, 
in  the  dry  system,  by  turning  the  hot  ammonia  gas  direct 
from  the  condenser  into  the  coils. 

1594.  Dry-Plate  Sytttem.  —  The  dry-plate  system 
most  commonly  used  is  that  shown  in  Fig.  373.  It  con- 
sists of  a  continuously  welded  return-bend  or  zigzag  coil  B, 
between  the  runs  of  which  are  placed  blocks  of  wood  C. 
On  each  side  of  this  coil  are  laid  plates  of  sheet  steel  A,  A, 
and  these  are  bolted  or  riveted  through  hy  means  of  the 
bolts  or  rivets  D.  This  makes  a  comparatively  inexpensive 
arrangement,  and  a  plant  constructed  with  such  plates  is 
not  much  more,  expensive  than  a  can  plant.  These  plates, 
which  are  about  30  inches  on  centers,  are  placed  in  a  long 
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wooden  tank.  Water  is  run  in  between  the  plates  to  within 
about  9  inches  from  the  top,  and  the  expansion  ammonia 
is  then  turned  on.  Great  care  must  be  taken,  in  feeding 
this  kind  of  plaie,  that  the  freezing  does  not  take  place 
too  rapidly,  or  the  air-bubbles  will  not  have  time  to  dis- 
engage and  while  ice  will  be  the  result.  After  a  certain 
amount  of  ice  has  accumulated  on  the  coils,  say  about 
4  inches,  care  must  be  taken  not  to  feed  too  rapidly,  or 
there  is  a  liability  of  the  coi!  frosting  through  and  liquid 
ammonia  getting  over  to  the  compressor. 

The  great  objection  to  a  dry  plate  is  that  if  the  expan- 
sion is  insufficient,  the  ice  will  not  form  evenly  over  the 
whole  plate,  but  will  be  thicker  where  the  ammonia  is  fed  in, 
gradually  tapering  down  to  a  thin  cake  at  the  outlet.  Plate 
plants  of  this  type  usually  have  forecooling  coils  of  large 
surface,  so  as  to  take  up  any  excessive  expansion. 

On  the  whole,  a  dry-plate  plant  is  very  difficult  to  operate 
with  any  degree  of  success. 


I 


1 595.  Wet-PIatc  System. — A  wet-plate  system  very 
commonly  used  is  shown  in  section  in  Fig.  374.  It  consists 
of  wrought-iron  cells  filled 
with  brine,  in  which  are 
placed  the  direct-expansion 
coiU.  The  wrought-iron  cell 
BB  contains  the  ammonia 
expansion  coil  A  and  is  filled 
with  brine.  The  ice  E  E 
forms  on  the  sides  of  the  cells. 
With  this  arrangement,  it  is 
possible  to  get  a  very  clear 
ice  out  of  ordinary  well,  river, 
or  city  water  without  the 
necessity  of  distillation.  The 
ire  forms  gradually  on  the 
sides  of  the  plate,  and  the 
temperature  of  the  brine 
can   always   be   kept   at   any  desired   point  by  the   proper 
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manipulation  uf  the  expansion-valve.     After  a  little  practice,  1 
it  is  easy  to  ascertain  just   the  temperature  of  brine  that  I 
is  necessary  for  ice  of  diflerenl  thicknesses.     This  has  to  be  J 
determined  by  experiment,  as  no  two  samples  of  water  con- 
tain the  same  ingredients. 

The  principal  objection  to  the  wet-plate  system  is  its  large  I 
first  cost  and  the  liability  of  the  cells  leaking.      If  the  cells  1 
are   not   properly   made    in  the   first  place,    the   expense  of  I 
maintaining  them  is  considerable,  the  smallest  leak  of  brine 
injuring  the  quality  and  appearance  of  the  ice. 

15H6.     Plate   Plant  Apparatus. — ^A  plate  ice  plant 

usually  consists  of  the  following  parts: 
(a)      Ice  tank  with  plates. 
{/>)     Forecooling  tank  with  coils. 
{(■)      Crane  with  hoists. 
(rf)     Tilting  table. 
((■)      Cutting-up  saws. 
(/)     Water  filters. 
(a')    Water  connections. 

In  case  of  a  wet-plate  system,  there  are  also 
(A)     Brine-storage  tank. 
(/)     Brine-transfer  pump. 
(j)    Brine  connecting  mains. 

1597.     LlftlnK  and  Cuttins  the  Plates.-~In   order 

to  lift  the  plates  from  the  tank,  two  tension  bolts,  which 
have  eyes  at  the  top  to  which  the  crane  is  fastened,  may  be 
frozen  in  the  ice.  In  other  plants,  a  chain  is  slipped  under 
the  cake.  This  is  accomplished  by  first  passing  a  copper 
wire  under  the  cake,  after  the  latter,  having  been  detached 
from  the  plate,  floats  to  the  surface;  then  the  chain  is 
made  fast  to  one  end  and  then  drawn  up  around  thecake  by 
means  of  the  wire.  After  the  cake  is  drawn  from  tlie  cell, 
it  is  necessary  to  lay  it  down.  This  is  done  by  means  of 
the  tilting  table  A,  Fig.  375,  which  is  tilted  by  means  of  a 
worm-gear.  The  table  is  placed  in  a  position  such  as  shown 
by  the  full  lines.     The  crane  D  is  then  run  over  and  the 
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cake  C  is  allowed  to  lie  on  this  table.  The  chains  are  taken 
off,  and  the  table  is  then  lowered  into  the  position  shown  by 
the  dotted  lines. 


Fig.  876. 


It  is  now  necessary  to  cut  the  cake  into  merchantable- 
sized  ice,  which  is  usually  accomplished  in  large  plants  by  a 
gang  of  steam  saws  E.  These  are  driven  by  power  and  the 
cake  is  fed  through  under  them.  The  saws  cut  a  groove 
about  3  inches  deep  in  the  cake,  which  is  then  split  by  hand 
with  chisel  bars.  In  small  ice  plants,  what  is  known  as  a 
steam  ice-cutter  is  used.  This  consists  of  a  blade  of  steel 
with  an  8-inch  copper  pipe  brazed  fast  to  one  end.  This  is 
placed  on  edge  on  top  of  the  cake  of  ice  F  to  be  cut,  as 
shown  in  Fig.  37G,  the  steel  blade  A  being  held  vertical  and 
steam  turned  on  into  the  copper  pipe  B.  This  rapidly 
thaws  the  ice  and  cuts  down  through.  In  other  plants,  an 
ordinary  hand-saw  is  used  to  score  the  ice  and  chisel  bars 
to  separate  the  cakes. 
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The  method  of  thawing  the  ice  in  a  wet-plate  plant  is  as 
follows:  When  the  ice  in  a  ceil  has  reached  very  nearly  the 
required  thickness,  the  feed  valve  to  that  cell  is  shut  off, 
but  the  suction-valve  is  left  open.  This  draws  all  the 
ammonia  gas  from  the  coil.  The  thickness  of  the  ice  is 
also  increased  thereby  1-  to  }  inch.  The  ice  is  now  ready 
for  thawing.  The  brine  contained  in  the  cell  is  drawn  out 
by  means  of  the  brine-pump  and  the  cell  is  filled  with  cold 
water.  Water  warmer  than  00°  should  not  be  used,  as  the 
ice  is  liable  to  shiver.  If,  however,  the  thawing  water  gets 
as  low  as  36",  it  is  best  to  run  it  off  into  the  draining  tank 
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and  ri'.fiW  the  cell.  After  the  water  has  stood  in  the  cell  for 
4  or  5  hmirs,  a  chisel  bar  can  be  inserted  along  the  top 
between  the  cake  and  the  cell.  If  it  is  thawed  free  of  the 
cell,  the  cake  when  gently  pried  will  float  up  in  the  water. 
The  crane  is  then  made  fast  ami  the  cake  is  drawn  out. 
The  thawing  water  may  now  be  run  out  of  the  cell,  and  the 
ice  s[)ace  may  be  thoroughly  cleansed  of  any  dirt  that  may 
have  been  precipilaled  during  the  process  of  freezing  by 
opening  the  waste-cock  and  washing  the  cell  clean  with  a 
hose.  The  cell  is  then  filled  with  brine  and  the  tank  with 
water  to  within  9  inches  of  the  top;  Uie  e.vpansion  ts 
turned  inU)  the  coil,  and  the  process  of  freezing  is  started 
agai:i. 
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MISCEI.I.ANEOUS  USES  OF    REFRIGERATION. 

1598.  Hotel  Refri(|reration. — The  work  required  in 
hotels  is  the  refrigeration  of  a  large  number  of  small  boxes 
used  for  various  purposes  about  the  establishment,  such  as 
wine  and  beer  boxes,  general  storage,  meat,  cook  stores, 
oysters,  fish,  ice  cream,  etc.;  also  the  freezing  of  caraffes 
and  the  making  of  small  quantities  of  ice.  Such  work  is 
out  of  all  proportion  to  the  space  cooled,  owing  to  the 
fact  that  the  boxes  are  small  and  usually  scattered  through- 
out the  building.  For  small  refrigerating  boxes  for  these 
purposes,  namely,  those  of  100  cubic  feet  or  less,  about 
500  cubic  feet  should  be  allowed  for  each  ton  of  refrigerating 
effect.  For  boxes  ranging  between  100  and  1,000  cubic 
feet,  1  ton  will  suffice  for  about  1,200  cubic  feet  of  space. 
In  addition  to  this,  the  amount  of  ice  that  is  to  be  made 
should  be  carefully  considered,  2  tons  of  refrigerating  effect 
being  allowed  for  every  ton  of  ice  made. 

Direct  expansion  is  out  of  the  question  for  hotel  refrigera- 
tion, on  account  of  the  large  number  of  boxes  or  rooms 
that  would  demand  attention. 

In  calculating  the  capacity  required  for  hotel  refrigera- 
tion, it  is  always  better  to  err  on  the  safe  side  and  get  a 
machine  rather  too  large  than  too  small. 

1 599.  Chocolate  -  Factory    Refrigeration.  —  The 

setting  of  chocolate  requires  a  cool,  dry  atmosphere  in  the 
cooling  rooms.  These  rooms  are  usually  kept  at  a  temper- 
ature of  about  68°.  The  indirect  system  of  cooling  and 
ventilating  should  be  used,  so  as  to  prevent  the  possibility 
of  any  moisture  from  drip  coils,  etc.  After  allowing  for 
the  amount  of  refrigeration  required  to  cool  the  given  space 
to  68°,  the  number  of  persons  in  the  coating  room  and  the 
amount  of  chocolate  to  be  cooled  daily  should  be  con- 
sidered. One  ton  of  refrigeration  will  be  required  to  absorb 
the  heat  given  off  by  7  persons.  It  takes  about  1,*200 
B.  T.  U.  per  pound  to  condense  and  freeze  the  moisture  in 
the  atmosphere,  of  which  a  great  deal  is  exhaled  by  the  per- 
sons in  the  room.     The  conveying  of  the  cold  air  from  the 
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Y  of   the  vitiated   air  from  the 
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rooms  should  be  effecied  by  means  of  a  series  of  air-ducts 
or  flues,  the  exact  size  and  location  of  which  should  be  deter- 
mined by  some  expert  ventilating  engineer.  This  is  quite 
important,  in  order  to  prevent  drafts  and  the  consequent 
colds  to  the  persons  in  the  coating  room. 

1600.  Air  RefrlE«ratlnn. — Air  is  often  cooled  for 
various  purposes,  such  as  drying  photographic  plates,  etc. 
Wlicn  the  object  of  the  cooling  is  to  dry  the  air,  the  amount 
of  refrigeration  required  depends  largely  upon  the  amount 
of  moisture  that  has  to  be  eliminated  by  condensing  and 
freezing  it,  the  cooling  of  the  air  itself  being  of  secondary 
importance.  As  staled  in  the  preceding  paragraph,  1,300 
B.  T.  U.  may  be  allowed  for  every  pound  of  moisture  taken 
from  the  air,  in  addition  to  the  refrigeration  required  to 
cool  the  air  to  the  temperature  of  condensation  of  the 
moisture  it  contains. 
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QUESTIONS   AND   EXAMPLES 

Relating  to  the  Subjects 
Treated  of  in  Vol.  II. 


It  will  be  noticed  that,  although  the  various  questions  are 
numbered  in  sequence  from  504  to  794,  inclusive,  these 
questions  are  divided  into  five  different  sections,  corre- 
sponding to  the  five  sections  of  the  preceding  pages  of  this 
volume.  Under  the  heading  of  each  section  are  given,  in 
parenthesis,  the  numbers  of  those  articles  which  should  be 
carefully  studied  before  attempting  to  answer  any  question 
or  to  solve  any  example  occurring  in  the  section. 
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PNEUMATICS. 

(ARTS.   1030-1088.) 


(504)  What  do  you  understand  by  tension  of  gases  f 

(505)  A  cylinder  filled  with  compressed  air  supports  a 
column  of  mercury  4  feet  high,  {a)  What  is  the  tension  of 
the  air  in  pounds  per  square  inch  ?  (b')  In  atmospheres  ? 
Take  the  weight  of  a  cubic  inch  of  mercury  in  all  cases  as 
.49  pound.  ^jjg    ((fl)  23.52  lb. 

'  I  {b)   1.6  atmos. 

(fi06)     By  reason  of  a  partial  vacuum,  a  column  of  water 

19  feet  in  height  is  supported  by  the  atmosphere,     (a)  How 

many  inches  of  vacuum  does  the  gauge  show,  and  (^)  what  is 

the  pressure  above  the  mercury  in  pounds  per  square  inch  ? 

^^W  16.828  in. 

I  {b)  6.4541b.  per  sq.  m. 
(507)  A  closed  vessel,  fitted  with  a  piston,  contains  coal 
gas  under  a  pressure  of  three  atmospheres.  If  the  piston 
is  so  moved  that  the  volume  is  2^  times  its  former  volume, 
what  is  the  tension  of  the  gas  in  pounds  per  square  inch  ? 
The  temperature  is  the  same  in  both  cases. 

Ans.  17.64  lb,  per  sq.  in. 
(608)  A  certain  quantity  of  air,  under  a  pressure  of  \\ 
atmospheres  and  a  temperature  of  75°,  weighs  7- 14  pounds. 
It  is  put  in  an  empty  vessel  in  which  one  cubic  foot  of  air 
weighs  .08  pound,  (a)  What  is  the  new  volume?  (b)  The 
temperature,  the  pressure  remaining  the  same?  (f)  The 
original  volume  ?  (  {a)  811.25  cu.  ft. 

Ans.  \{b)  283.887'. 

(  (<:)    64.188  CU.  ft. 

(509)     The  temperature  of  the  discharged  air  of  an  air 

compressor,  the  tension  of  which  is  40  pounds  per  square 
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inch,  is  120°;  when  it  has  cooled  down  to  the  temperature 
of  the  surrounding  air,  which  is  55°,  what  is  its  tension  ? 

Ans.   35.517  lb.  per  sq.  in. 

(510)  What  is  the  weight  of  a  cubic  foot  of  air  at  00°, 
under  a  pressure  of  one  atmosphere  ?  Ans.  .076296  lb. 

(511)  The  total  pressure  upon  a  body  is  175,000  pounds 
per  square  foot;  what  is  the  equivalent  pressure  in  atmos- 
pheres ?  Ans.  82.672  atmos. 

(512)  Three  gases,  oxygen,  hydrogen,  and  nitrogen,  are 
mixed  together  in  a  vessel  containing  40  cubic  feet.  The 
volume  and  tension  of  the  oxygen  are  12  cubic  feet  and  one 
atmosphere,  respectively ;  of  the  hydrogen,  10  cubic  feet  and 
two  atmospheres;  of  the  nitrogen,  8  cubic  feet  and  three 
atmospheres.  The  temperature  of  the  separate  gases  and 
of  the  mixture  remaining  the  same  throughout,  what  is  the 
tension  of  the  mixture  ?  Ans.  20.58  lb.  per  sq.  in. 

(513)  In  the  last  example,  suppose  the  volume  of  the 
mixture  is  not  known,  and  that  the  tension  is  required  to  be 
23  pounds  per  square  inch;  what  is  the  volume  of  the 
mixture  ?  Ans.   35.79  cu.  ft. 

(514)  A  balloon  is  filled  with  10,000  cubic  feet  of  hot  air 
at  a  temperature  of  280\  If  the  temperature  of  the  sur- 
rounding air  is  7T'\  and  the  weight  of  the  balloon  and 
fixtures  is  100  pounds,  how  great  a  weight  will  it  lift  ?  The 
tension  of  the  hot  air  is  one  atmosphere.         Ans.    102.08  lb. 

(515)  A  vessel  containing  13  cubic  feet  of  air  having  a 
temperature  of  73"^  and  a  tension  of  one  atmosphere  is 
})laced  in  communication  with  another  vessel  containing  18 
cubic  feet  of  air,  at  a  temperature  of  53°  and  a  tension  of  30 
pounds  per  square  inch.  What  is  the  new  temperature  if 
the  tension  of  the  mixture  is  20  pounds  per  square  inch  ? 

Ans.    —20.05°. 

(510)     What  is  a  vacuum  ?     Illustrate  it. 

(517)  An  air  pump  produces  a  vacuum  of  ^^j  of  an  inch; 
what  is  the  pressure  upon  a  square  foot  ?  Ans.    1.704  lb. 

(518)  A  horizontal  cylinder,  closed  at  one  end  and  open 
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at  the  other,  is  exactly  fitted  with  a  piston  having  a  hule  in 
it  to  allow  the  confined  air  to  escape.  The  length  of  the 
cylinder  is  i>  feet,  and  the  diameter  is  40  inches.  The  piston 
weighs  325  pounds,  and  is  moved  inwards  until  the  length 
of  the  space  between  the  cylinder  head  and  the  piston  is  40 
inches,  ((f)  How  great  a  force  will  be  necessary  to  pull  the 
piston  out  of  the  cylinder  after  the  hole  has  been  plugged, 
if  the  coefficient  of  friction  is  14^  ?  (d)  To  shove  it  in  until 
the  length  of  the  enclosed  space  is  0  inches?  Assume  that 
the  temperature  remains  constant. 

Ans   |('^)S.a55.56]b. 

■  I  (d)  KH, 723.013  lb. 

(319)     There  arc  8.47  cubic  feet  of  air,  under  a  pressure 

of  38  pounds  per  square  inch.     If  4i  cubic  feet  be  removed, 

what  will  be  the  tension  of  the  remainder,  the  temperature 

remaining  the  same  ?  Ans.   17.813  lb.  per  sq.  in. 

(530)  A  vessel  containing  3  cubic  feet  of  gas  weighing 
.5  pound  under  a  pressure  of  one  atmosphere  has  com- 
pressed into  it  enough  more  of  the  gas  to  make  it  weigh  1 
pound  and  G  ounces;  the  temperature  remaining  the  same, 
what  is  the  new  tension  of  the  gas  in  pounds  per  square 
inch  7  Ans.  40.425  lb.  per  sq.  in. 

(521)  If  4,516  cubic  inches  of  gas  having  a  temperature 
of  360°  are  cooled  down  to  a  temperature  of  80°,  the  pressure 
remaining  the  same,  what  is  the  volume  ? 

Ans.   1.96  cu.  ft. 

(622)     If   65    cubic  feet  of    air,  under   a   pressure  of    IJ 

atmospheres,  have  a  temperature  of  88°,  what  is  the  weight  ? 

Ans.  4.9771b. 

(523)  Two  vessels,  the  volumes  of  which  are  each  7^ 
cubic  feet,  are  filled  with  air;  the  temperature  is  the  same 
in  both,  but  the  tension  in  one  is  two  atmospheres,  and  in 
the  other  40  pounds  per  square  inch.  If  all  of  the  air  in 
one  vessel  is  compressed  into  the  other,  what  is  the  tension 
of  the  mixture  after  it  has  cooled  down  to  the  original 
temperature?  Ans.  C9.4  lb.  per  sq.  in. 
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(524)  A  solid  block  of  wood,  48'  X  36'  X  24',  weighs  in 
air  1,200  pounds;  how  much  will  it  weigh  in  vacuum  ?  The 
temperature  of  the  air  is  60°.  Ans.   1,201.83  1b. 

(525)  A  double-acting  steam  pump  is  required  to  force 
water  to  a  height  of  127  feet;  the  height  of  the  suction  is 
16  feet.  Allowing  25jif  for  friction,  etc.,  {a)  what  must  be 
the  horsepower  of  a  steam  engine  to  drive  this  pump,  if  the 
diameter  of  the  plunger  is  9  inches,  stroke  12  inches,  and 
number  of  strokes  per  minute  125  ?  {6)  How  many  gallons 
could  be  discharged  per  hour  ?  *        j  (a)  19.942  H.  P. 

'  ((/J)  24,784.3  gal. 

(526)  In  the  last  example,  if  the  pump  is  single-acting, 
and  the  number  of  strokes  per  minute  100,  what  will  be  the 
discharge  in  gallons  per  hour  ?  Ans.   9,914.4  gal. 

(527)  If  you  are  told  that  the  vacuum  gauge  of  a  con- 
denser shows  23  inches  vacuum,  what  do  you  understand 
by  it  ?     What  is  the  pressure  in  the  condenser  ? 

(528)  What  is  a  pressure  of  one  atmosphere  equivalent 
to  in  pounds  per  square  foot  ?       Ans.  2,116.8  lb.  per  sq.  ft. 

(529)  If  the  weight  of  3  cubic  feet  of  air  at  a  certain 
temperature  and  under  a  pressure  of  30  pounds  per  square 
inch  is  .27  pound,  what  is  the  weight  of  1  cubic  foot  under 
a  pressure  of  Go  pounds  per  square  inch  and  at  the  same 
temperature?  Ans.   0.105  1b. 

(530)  In  the  last  example,  what  is  the  temperature  of 
the  air?  Ans.   439. (1^ 

(531)  What  arc  the  absolute  temperatures  corresponding 
to  32^  212%  02%  0''  and  -  40°  ? 

(532)  Three  and  one-half  pounds  of  air,  under  a  pressure 
of  10  atmospheres,  occupy  a  volume  of  4  cubic  feet.  What 
is  the  tcmi)crature  ?  Ans.  —  G.583''. 

(533)  Fifteen  cubic  feet  of  oxygen,  having  a  tension  of 
03  pounds  per  square  inch,  and  19  cubic  feet  of  nitrogen, 
having  a  tension  of  three  atmospheres,  are  mixed  together 
in  a  vessel  the  volume  of  which  is  25  cubic  feet.  The  tem- 
perature of  both  gases  and  of  the  mixture  being  the  same, 
what  is  the  tension  of  the  mixture  ?  Ans.   71.316  lb. 
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(534)  One  pound  of  air  has  a  temperature  of  80°  and  a 
volume  of  10  cubic  feet ;  what  is  its  tension  ? 

Ans.  20  lb.  per  sq.  in. 

(535)  If  an  indicator  card  taken  from  a  condensing 
engine  shows  a  pressure  of  12^  pounds  below  the  atmos- 
phere, how  many  inches  of  vacuum  will  the  vacuum  gauge 
show  ? 

(536)  A  vacuum  of  27  inches  will  support  a  column  of 
water  of  what  height  ?  Ans.   30.6  ft. 

(537)  A  certain  vessel  has  a  volume  of  6.7  cubic  feet.  A 
vacuum  gauge  attached  to  it  shows  17^  inches,  (a)  How 
much  air  at  atmospheric  pressure  will  it  be  necessary  to 
admit  to  have  the  vacuum  gauge  show  6  inches  ?  {d)  to 
show  0  inches?  Ans.   (a)  2.79|  cu.  ft. 

(538)  A  certain  vessel  contains  11  cubic  feet  of  gas 
weighing  2.4  pounds.  If  put  in  communication  with  a 
second  vessel  from  which  all  the  air  has  been  removed,  and 
which  has  a  volume  of  25  cubic  feet,  what  will  be  the  weight  of 
a  cubic  foot  of  the  gas,  the  temperature  remaining  constant  ? 

Ans.  -jiy  lb. 

(539)  The  air  contained  in  a  closed  vessel,  under  a  pres- 
sure of  12  pounds  per  square  inch,  is  heated  from  60°  to 
300°;  what  is  its  tension  ?  Ans.   17.54  1b. 

(540)  What  is  the  weight  of  a  cubic  foot  of  air  at  212°, 
under  a  pressure  of  one  atmosphere  ?  Ans.  .059039  lb. 

(541)  The  diameter  and  stroke  of  the  piston  of  an  air 
compressor  is  20  inches  and  32  inches,  respectively.  If  the 
discharge  valve  opens  when  the  piston  has  completed  26 
inches  of  its  stroke,  (a)  what  is  the  volume  ?  (6)  the  weight  ? 
{c)  the  tension  of  the  air  discharged  ?  Take  the  temper- 
ature of  the  outside  air  as  75°,  and  the  temperature  at  dis- 
charge as  125°.  (  (a)  1,884.96 cu.  in.  =  1.0908  cu.  ft 

Ans.  j  (^)  .43143  lb. 

(  (c)  85.727  lb.  per  sq.  in. 

(542)  Nineteen  cubic  feet  of  air,  having  a  tension  of  12 
pounds  per  square  inch,  are  mixed  in  a  vessel  which  holds  30 
cubic  feet,  with  21  cubic  feet  of  air  from  another  vessel.     If 
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the  tension  of  the  mixture  is  35  pounds  per  square  inch, 
what  was  the  tension  of  the  second  volume  of  gas  ? 

Ans.  39.14  lb.  per  sq.  in. 

(543)  A  vessel  containing  45  cubic  feet  of  air  at  a  tem- 
perature of  60"  and  a  tension  of  13  pounds  per  square  inch 
is  emptied  into  another  vessel  containing  60  cubic  feet  of  air 
at  a  temperature  of  80°  and  a  tension  of  17  pounds  per 
square  inch.  What  is  the  tension  of  the  mixture  if  its 
temperature  is  72**  ?  Ans.  26.723  lb.  per  sq.  in. 

(544)  What  is  a  partial  vacuum  f  If  enough  air  is  ad- 
mitted to  the  vacuum  chamber  to  cause  the  column  of  mer- 
cury to  be  4^  inches  shorter  than  the  barometer  column, 
how  many  inches  of  vacuum  will  the  gauge  show  ? 

(545)  By  reason  of  a  partial  vacuum,  a  column  of  alcohol 
16  feet  high  is  supported.  How  many  inches  will  the 
vacuum  gauge  show  ?  Ans.  11.337  in. 

(546)  The  stroke  and  diameter  of  the  piston  of  a  blowing 

engine  (one  form  of  an  air  compressor)  are  each  80  inches. 

The  valves  are  so  set  that  they  will  open  for  discharge  when 

the  tension  of  the  compressed  air  becomes  9  pounds  above 

the  atmosphere,      [li)  At  what  point  of  the  stroke  will  the 

valves  open  ?     {b)   How  many  cubic  feet  of  air  having  this 

tension  will  be  discharged  during  one  stroke  of  the  piston, 

the  temperature  being  constant  throughout  ? 

^^^((.)  30.38  in. 

(  {b)  144.34  cu.  ft. 

(547)  A  certain  quantity  of  air  under  a  pressure  of  3^ 
atmospheres  weighs  13  pounds.  After  expanding  under  a 
constant  temperature,  the  weight  of  the  same  volume  is 
only  2  pounds.     What  is  the  tension  of  the  air  ? 

Ans.  7.915  lb.  per  sq.  in. 

(548)  The  stroke  of  the  piston  in  an  air  compressor  is  60 
inches.  When  the  piston  has  traveled  50  inches,  what  is  the 
tension  (the  temperature  at  discharge  being  130°)  of  the 
enclosed  air,  assuming  that  the  delivery  valves  do  not  open 
until  this  point  is  reached  ?  The  original  temperature 
is  00°,  Ans.  100.07  lb.  per  sq.  in. 
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(549)  A  pound  of  air  has  a  temperature  of  127"*  and  a 
tension  of  27  pounds  per  square  inch.     What  is  its  volume  ? 

Ans.  8.055  cu.  ft. 

(550)  The  weight  of  a  certain  body  of  air  having  a  ten- 
sion of  4,000  pounds  per  square  foot  and  a  temperature  of 
100°  is  .5  pounds.     What  is  its  volume  ?     Ans.  3.735  cu.  ft. 

(551)  Forty  cubic  feet  of  air  having  a  temperature  of 
100°  and  a  tension  of  90  pounds  per  square  inch  are  mixed 
with  57  cubic  feet  having  a  temperature  of  130°  and  a  ten- 
sion of  80  pounds  per  square  inch.  The  tension  of  the 
mixture  is  120  pounds  per  square  inch  and  the  temperature 
is  110°.     What  is  the  volume  ?  Ans.  67.248  cu.  ft. 

(552)  If  a  bottle  fitted  with  a  rubber  bulb,  as  shown  in 
Fig.  199,  be  filled  with  water  until  the  air  in  the  bulb  oc- 
cupies a  space  of  20  cubic  inches  under  a  tension  of  exactly 
one  atmosphere,  what  will  be  the  total  pressure  on  the  bot- 
tom of  the  bottle  caused  by  squeezing  the  bulb  until  the 
space  inside  is  only  ^  of  its  original  volume  ?  The  opening 
in  the  neck  of  the  bulb  is  :J^  of  a  square  inch,  the  bottom  of 
the  bottle  is  3  inches  in  diameter,  and  the  depth  of  the  water 
is  12  inches.  Ans.  314.793  lb. 

(553)  Four  cubic  feet  of  air  is  heated  under  a  constant 
pressure  from  40°  to  115°.     What  is  the  resulting  volume  ? 

Ans.  4.6  cu.  ft. 
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(554)  If  two  pounds  of  a  certain  substance  and  one  pound 
of  water  are  heated  under  exactly  the  same  conditions  from 
60°  to  170®,  and  it  takes  55  minutes  to  heat  the  substance 
to  this  point  and  9  hours  and  25  minutes  to  heat  the  water 
to  the  same  point,  what  is  the  specific  heat  of  the  substance  ? 

Ans.  .04867. 

(555)  A  steel  piston  rod  is  4  inches  in  diameter,  and  the 
piston  is  bored  3.9985  inches  in  diameter  to  receive  it.  To 
what  temperature  must  the  piston  be  heated,  assuming  its 
original  temperature  to  be  80°,  and  the  diameter  of  its  bore 
after  heating  to  be  4.001  inches,  to  allow  the  rod  to  enter 
freely?  Ans.  184.4°. 

(556)  If  the  whole  piston  was  raised  to  the  same  tempera- 
ture as  the  bore,  and  its  weight  was  360  pounds,  {a)  how 
many  units  of  heat  were  required,  assuming  a  loss  of  12^^  by 
radiation,  etc.  ?  {d)  How  many  foot-pounds  of  work  is  this 
equivalent  to  ?  ^^^    (  (a)  4,975.6  B.  T.  U. 

'  I  {d)  3,871,017  ft.  lb. 

(557)  The  stroke  of  the  piston  of  an  air  compressor  is  80 

inches,  and  its  cylinder  is  80  inches  in  diameter.     If  the  air 

be  compressed  isothermally  to  a  pressure  of  120  pounds  per 

square  inch,  (a)  what  will  be  the  volume  discharged,  and  (If) 

how  much  work  will  be  required  ? 

.         (  {a)  28.507  cu.  ft. 

I  (6)  1,034,289  ft.  lb. 

(558)  In  the  last  example,  if  the  air  had  been  compressed 
adiabatically  to  the  same  pressure,  {a)  what  would  have  been 
the  volume  discharged,  and  {b)  what  work  would  have  been 
required  ? 


.         (  (a)  52.494  cu.  ft. 
I  {6)  1,011,317  ft.  lb. 
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(559)  {a)  What  is  sensible  heat  ?  (*)  What  is  the  specific 
beat  for  constant  volume  ? 

(560)  Change  (a)  3,917'  C,  (*)  637°  C,  and  (<-)  -  Hm"  C. 
into  tbejr  correspondiag  Pabrenheit  temperatures. 

/  (a)  5,282.6°. 

Ans.  ]  (i>)  1,178.6°. 

(   (f)      -435". 

(561)  How  many  units  of  heat  would  be  required  to 
vaporize  12  pounds  of  solid  mercury  having  a  temperature 
of  —  50'  ?  Use  the  same  value  for  the  specific  heat  of  solid 
mercury  as  given  in  the  table  for  liquid  mercury. 

Ans.  2,229.595  B.  T.  U. 

(562)  What  is  the  weight  of  100  cubic  feet  of  hydrogen 
gas  having  a  temperature  of  80°  and  a  tension  of  IS  pounds 
per  square  inch  ?  Ans.  .6231  lb. 

(503)  How  many  B.  T.  U.  will  be  required  to  raise  7 
pounds  5  ounces  of  copper  to  its  melting  point  from  a  tem- 
perature of  TS"  ?  Ans.  I,i0fi.l3  B.  T.  U. 

(564)  If  2J  pounds  of  lead  having  a  temperature  of  40° 
be  mixed  with  4  pounds  of  water  having  a  temperature  of 
05°  in  a  cast  iron  vessel  whose  weight  is  If  pounds  and 
temperature  62°,  what  will  be  the  temperature  of  the 
mixture?  Ans.  64.43°. 

(505)     A  wrought  iron  bar  4  inches  square  and  20  Inches 

long  is  heated  1,200°;  {a)  what  is  its  cubical  expansion  ?  {d) 

its  linear  expansion  ?     (c)  How  much  larger  will  the  area  of 

a  cross-section  be  ?  (  (a)   7.903  cu,  in. 

Ans.  ■]  Id)  .16464  in. 

(  (c)   .2634  sq.  in. 

(566)  If  10  pounds  of  nitrogen  gas  having  a  tension  of 
61  pounds  per  square  inch  occupy  a  volume  of  73  cubic 
feet,  what  is  its  temperature?  Ans.  707.45". 

(5(i7)     Why  are  light  clothes  cooler  than  dark  ones? 

(508)  In  order  to  find  the  temperature  of  a  stove  fire,  a 
piece  of  cast  iron  weighing  1  pound  is  placed  in  it.  A 
copper  vessel  weighing  IJ  pounds  is  partly  filled  with  3^ 
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pounds  of  water,  the  temperature  of  both  being  85®.     After 
the  cast  iron  piece  has  been  placed  in  the  vessel  of  water, 


Fio.  a 


Pig.  4. 


the  temperature  of  the  mixture  is  found  to  be  128°;  what 
was  the  temperature  of  the  fire  ?  Ans.  1,252^ 
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Ans.  4.»n  H.  P. 

:  &K>t  of  air  at  axmasfbvnc  pressare  is 

;  that  is  t»  say,  the  tuIudk 

I  B  only  i  that  before  cumprcssion ;  what 

s  thsair? 

Ans.  3,953.28  ft.  Ik 
f5T4)     CalcTtlate  by  the  mecbod  menii'>n«l  in  c.innectkMi 
with  Fig.  ii5  the  mean  ordinate  of  Fig.  3,  and  mark  it  in 
the  figure. 

(oTo)  Calculate  in  a  similar  way  the  area  of  Fig.  4, 
using  A  £  ^s  the  line  from  which  to  draw  the  ordinates. 

(5'<',)  Four  pi-unds  'A  oil  of  turpentine  at  80°  are  mixed 
with  a  certain  quantity  of  water  at  "3°  in  a  brass  vessel  of 
the  ^ame  temperature  weighing  one-half  a  pound.  The 
temperature  of  the  mi.Tture  being  75.01",  what  is  the  weight 
of  the  water  ?  Ans.  2.810  lb. 

(.>??)  Illustrate  your  idea  of  latent  heat,  specific  heal 
inner  work,  and  outer  work. 

(-">78)  A  cannon  ball  weighing  120  pounds  is  fired  with  a 
vclmity  of  1,200  feet  per  second.  If  IS-i  of  its  kinetic 
energy  on  leaving  the  cannon  is  converted  into  heat  on 
striking  the  target,  how  many  heat  units  is  this  equivalent  to  ? 
Ans.  517.975  B.  T.  U. 
(fi7H)  What  do  you  understand  by  the  terms;  (a)  Hot 
body  ?  (/>)  Cold  body  ?  (c)  Heat  unit  ? 
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(680)  A  tin  vessel  weighing  1;^  pounds  contains  30  ounces 
of  water;  the  temperature  of  both  is  91°.  Into  this  is  placed 
5  pounds  of  lead  ore  having  a  temperature  of  40°.  If  the 
temperature  of  the  mixture  is  86°,  what  is  the  specific  heat 
of  the  ore?  Ans.  .0423. 

(581)  A  hot  air  engine  receives  air  at  a  temperature  of 
450°,  and  exhausts  it  at  70°;  what  is  its  ideal  maximum 
efficiency  ? 

(582)  What  is  the  weight  of  700  cubic  feet  of  hydrogen 
having  a  temperature  of  200°  and  a  tension  of  20  pounds  per 
square  inch  ? 

(583)  (a)  Name  the  kinds  of  thermometers  in  general  use. 
{6)  Reduce  44°  R.  to  the  corresponding  Centigrade  tempera- 
ture ;  (c)  to  the  corresponding  Fahrenheit  temperature. 

i  (c)  131°  F. 

(684)  If  a  pound  of  air  at  atmospheric  pressure,  and 
having  a  temperature  of  60°,  be  compressed  adiabatically 
until  its  tension  is  235  pounds  per  square  inch,  what  will  be 
its  new  volume  and  temperature  ?  a       i  1.8356  cu.  ft. 

^^'  (  704. 2°. 

(585)  (a)  In  what  three  ways  may  a  body  be  considered  to 
expand  ?  {6)  To  which  of  these  three  ways  does  the  expan- 
sion of  a  gas  correspond  ?     (c)  What  is  absolute  temperature  ? 

(586)  A  hollow  copper  cylinder  is  heated  by  the  applica- 
tion of  7,000  B.  T.  U.  If  its  outside  diameter  is  10  inches, 
inside  diameter  9J^  inches,  and  length  6  feet,  (a)  what  will  be 
its  linear  expansion  ?     (d)  Its  cubical  expansion  ?     {c)  How 

much  larger  will  its  outside  diameter  be  ? 

I(^)  .195  in. 
(b)  6.63  cu.  in. 
(c)  .027  in. 

(687)  Twelve  cubic  feet  of  gas  are  heated  from  65°  to 
890° ;  what  is  the  increase  in  volume,  the  pressure  remaining 
constant  ?  Ans.  7.428  cu.  ft. 

(588)    If  a  piece  of  cast  iron  weighing  75  lb.  be  drawn 
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back  and  forth  over  another  piece  of  cast  iron,  2  feet  eadi 
way,  at  the  rate  of  20  times  a  minute,  how  many  heat  units 
will  be  developed  in  one  hour,  assuming  a  coefficient  ot 
friction  of  .18  ?  Ans.  83.29  B.  T.  U. 

(589)  One-half  a  pound  of  air  occupies  a  space  of  .9  of  a 
cubic  foot,  and  expands  adiabatically  until  its  volume  is4| 
times  as  large.  If  the  initial  temperature  is  15i)°,  (a)  what 
is  the  final  temperature  7  {/>)  The  initial  pressure  ?  (c)  The 
iinal  pressure  ?  ( (")  —  1^0.7(J°. 

Ans.  I  IS)    125.5G5  lb.  per  sq.  in. 
'  (c)    15.06  lb.  per  sq.  in. 

(590)  A  solid  zinc  sphere  12  inches  in  diameter  is  placed 
in  8  pounds  of  boiling  water.  If  the  original  temperature  of 
the  sphere  was  70°,  what  is  its  increase  in  volume  ? 

Ans.   1.71  cu.  in. 

(591)  How  much  would  a  steel  wire  rope  9O0  feet  long 
shorten,  if  cooled  from  90°  to  28°  ?  Ans.  4.01  in, 

(592)  If  it  takes  5  heat  units  to  raise  the  temperature  of 
a  certain  body  weighing  26  pounds  1°,  what  is  its  specific 
heat  ?  Ans.  .1923. 

(593)  Draw  an  isothermal  expansion  curve  by  the  method 
shown  in  Fig.  227,  and  calculate  the  work  done.  Choose 
your  own  dimensions,  volumes,  and  pressures. 

(594)  (a)  What  equivalent  work  would  represent  the 
melting  of  13  pounds  of  sulphur  from  a  temperature  of  40" } 
(i)  If  done  in  10  minutes,  what  would  be  the  equivalent 
horsepower?  .     .    j  (o)  519,956.5ft.  lb. 

""■  ((i)  1.5756  H.  P. 

(595)  Three  pounds  of  gaseous  turpentine  at  its  temper- 
ature of  vaporization  are  mixed  with  4  pounds  of  water  at 
75°;  what  is  the  temperature  of  the  mixture  ?    Ans.  203. 11°. 

(596)  What  equivalent  work  would  represent  the  raising 
of  25  pounds  of  lead  at  46°  to  a  temperature  of  800°  ? 

Ans.  678,353.70  ft.  lb. 

(597)  Eleven  and  one-half  pounds  of  cast  iron  at  18u\  43 
pounds  of  brass  at  240°,  10  pounds  of  ice  at  10",  and  50  pounds 
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of  water  at  120®  are  mixed  together  in  a  lead  vessel  weigh- 
ing 20  pounds,  and  having  a  temperature  of  80°.  The  ice 
is  added  last ;  what  is  the  temperature  of  the  mixture  ? 

Ans.  91. 55^ 

(598)  If  3  cubic  feet  of  air  whose  tension  is  140  pounds 
per  square  inch  expand  adiabatically  to  16  cubic  feet,  what 
would  be  (a)  the  area  ?  (6)  The  mean  ordinate  ?  (c)  The 
mean  pressure  of  a  space  corresponding  to  ^  £  F  L,  in  Fig. 
229,  Art.  1164,  drawn  to  the  same  scale?  Obtain  your 
result  by  calculation  only.  t  (a)  25.434  sq.  in. 

Ans.  }  (6)  1.9565  in. 

i{c)  39.131b.  per  sq.  in. 

(599)  Change  (a)  -  10°  F.,  (6)  25°  F.,  and  (c)  2,200°  F. 
into  the  corresponding  Centigrade  readings. 

(  {a)  -  23i°  C. 
Ans.  ]  {6)  -  3|°  C. 
(  (c)  1,2041°  C. 

(600)  Sketch  a  diagram  illustrating  a  reversible  cycle 
process,  and  explain  in  your  own  language  what  it  means. 

(601)  What  work  is  necessary  to  compress  10  cubic  feet 
of  air  isothermally,  from  15  pounds  per  square  inch  tension 
to  85  pounds  per  square  inch  ?  Ans.  37,467.74  ft.  lb. 

(602)  If  the  indicated  horsepower  of  a  steam  engine  is 
520,  to  how  many  heat  units  per  hour  would  this  work  be 
equivalent?  Ans.  1,323,393.31  B.  T.  U. 

(603)  Four  pounds  of  melted  zinc  at  the  temperature  of 
fusion  are  mixed  with  10  pounds  of  water  having  a  tem- 
perature of  60°.  If  the  temperature  of  the  mixture  is  102J°, 
what  is  the  latent  heat  of  fusion  of  the  zinc  ?  Neglect  the 
effect  of  the  vessel  containing  the  mixture.  Ans,  50.61. 

(604)  {a)  In  what  ways  may  heat  be  propagated  from  one 
body  to  another  ?  {d)  What  is  meant  by  convection,  and 
how  does  it  differ  from  conduction  ? 

(605)  Define  (a)  good  conductors;  (d)  bad  conductors; 
(c)  non-conductors. 


(600)  What  IS  your  idea  of  the  reason  that  radiant  hext 
is  transmitted  in  a  vacuum  ? 

(807)  {a)  Change  7^8  B.  T.  U.  to  calories.  (*)  Change 
40  calories  to  B.  T.  U.  .         l  (a)  201.515  calories. 

■  *(*)   158.4  B.  T.  U. 

(608)  How  many  foot-pounds  of  work  are  equivalent 
to  the  heat  required  to  raise  the  temperature  of  7.68  cu.  ft. 
of  oxygen  gas,  having  a  tension  of  18  lb.  per  sq.  in.,  from 
40'  to  41(1°  {a)  when  the  volume  is  constant  ?  {it)  When  the 
pressure  is  constant  ?  .        j  (a)  37,379  ft.  lb.,  nearly. 

^'  \{d)  52,429  ft.  lb.,  nearly. 

(609)  Name  the  different  sources  of  heat. 

((110)  (rf)  Explain  your  idea  of  isothermal  expansion; 
{6)  of  adiabalic  expansion. 

(Oil)  If  3.72  cu.  ft.  of  air  are  compressed  to  a  volume  of 
1.2  cu.  ft ,  what  is  the  resulting  temperature,  the  original 
temperature  being  68°  ?  Ans.  380°,  nearly. 

(612)  State  the  first  and  second  laws  of  thermodynamics. 

(613)  An  air  compressor  has  a  stroke  of  48".  Assuming 
the  discharge  valves  to  open  when  the  piston  has  completed 
38"  of  the  stroke,  what  is  the  tension  and  temperature  of 
the  air  at  discharge  ?  Take  the  original  temperature  as  40° 
and  assume  the  compression  to  be  adiabatic. 

A        (  Tension  —  134.24  lb.  per  sq.  in 
I  Temperature  =  491",  nearly. 
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(614)  {a)  What  is  saturated  steam ;  superheated  steam  ? 
{d)  In  what  way  does  saturated  steam  differ  from  a  perfect 
gas? 

(615)  Explain  fully  the  process  of  changing  a  quantity  of 
water  at  32''  F.  to  steam. 

(616)  {a)  Define  the  following:  Total  heat;  heat  of  the 
liquid ;  latent  heat  of  vaporization,  {d)  How  may  the  **  heat 
of  the  liquid  "  be  found  approximately  ? 

(617)  Find  by  formula  90,  the  pressure  corresponding  to 
a  temperature  of  290°  F.  Ans.  57.92  lb.  per  sq.  in. 

(618)  Find  the  total  heat  of  vaporization  of  1  pound  of 
steam  at  a  temperature  of  318°  F. 

(619)  Explain  why  saturated  steam  condenses  when  ex- 
panding in  a  non-conducting  cylinder. 

(620)  If  the  pressure  of  the  steam  in  a  boiler  is  81  pounds 
per  sq.  in.  (absolute),  what  is  the  volume  in  cubic  feet  of  6 
pounds  of  the  steam  ?  Ans.  31.7076  cu.  ft. 

(621)  If  a  pound  of  steam  occupies  a  volume  of  7  cu.  ft., 
what  is  its  absolute  pressure  ?        Ans.   60.086  lb.  per  sq.  in. 

(622)  Answer  the  following  questions  by  referring  to  the 
steam  table:  {a)  What  is  the  gauge  pressure  of  steam  at 
320°  F.  ?  {d)  What  is  the  temperature  of  saturated  steam 
at  a  gauge  pressure  of  110  pounds  per  sq.  in.  ?  {c)  What  is 
the  **heat  of  the  liquid"  and  **  total  heat "  of  a  pound  of 
steam  at  70  pounds  per  sq.  in.  (gauge)?    {d)  What  is  the 
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latent  heat  of  vaporization  of  3  pounds  of  steam  at  a  pressure 
of  67  pounds,  absolute  ? 

(a)  75. 18  lb.  per  sq.  in. 

\b)  343,951°. 
Ans.  X  (286.003  B.  T.  U. 

^^^    ( 1,178.266  B.T.U. 

(^/)  2,711.193  3.  T.  U. 

(628)  {a)  What  is  the  isothermal  line  of  saturated  steain  ? 
{b)  What  curve  represents  most  closely  the  expansion  of 
saturated  steam  ? 

(624)  Find  from  the  steam  table  the  weight  of  38  cu.  ft. 
of  steam  at  an  absolute  pressure  of  43  pounds  per  sq.  in. 

Ans.   3. 95466  lb. 

(625)  Show  by  a  diagram  why  the  expansive  use  of 
steam  is  economical. 

(626)  How  much  steam  at  60  pounds  gauge  pressure 
must  be  mixed  with  300  pounds  of  water  at  55°  F.  in  order 
that  the  temperature  of  the  mixture  may  be  140°  F.  ? 

Ans.   23.885  lb. 

(027)  Find  from  the  table  the  volume  of  4J  pounds  of 
steain  at  a  temperature  of  250°  F.  Ans.   53.220  cu.  ft. 

(02S)  How  many  B.  T.  U.  are  required  to  raise  0  pounds 
of  superheated  steam  from  310°  to  342°  F.? 

Ans.   02.10  B.  T.'U. 

(020)  Calculate  by  formula  90,  the  pressures  correspond- 
inf^  to  the  following  temperatures,  and  compare  the  results 
with  those  given  in  the  steam  table:   [a)  254°  F.  ;  {b)  377°  F. 

{a)  32.004  lb.  per  sq.  in. 
(/')  100.54  lb.  per  sq.  in. 
Ans.  \  From  the  tables: 

{a^  32  lb.  per  sq.  in. 
(/;)   180.212  lb.  per  sq.  in. 

(030)  What  is  the  action  of  steam  in  a  cylinder  of  con- 
ducting material  like  cast  iron  ?  [b)  What  is  the  use  of  the 
steam  jackets  ? 
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(631)  Find  by  formula  91,  the  total  heat  of  vaporization 
of  a  pound  of  steam  at  the  following  pressures  (absolute), 
and  compare  the  results  obtained  with  the  steam  table: 
(a)  210  lb.  per  sq.  in. ;  {6)  88  lb.  per  sq.  in. ;  (c)  37  lb.  per 
sq.  in.  (  (a)  1,199.596  B.  T.  U. 

Ans.  ]  {d)  1,179.086  B.  T.  U. 
(  {c)  1,161.999  B.  T.  U. 

(632)  Show  fully  why  the  efficiency  of  the  steam  engine 
may  be  increased  by  raising  the  pressure  of  the  steam  used. 

(633)  Draw  a  **  curve  of  constant  steam  weight  "  by  lay- 
ing off  to  some  scale  the  volumes  taken  from  column  6  of 
the  table  along  the  horizontal  line  O  X  and  the  correspond- 
ing pressures  as  ordinates. 

(634)  {cl)  Define  the  following:  Head  end  and  crank 
end  of  cylinder;  forward  stroke;  return  stroke;  reciproca- 
ting parts,  (b)  When  is  an  engine  said  to  ^^  run  over''? 
When  does  it  ''*'run  under'*  ?  {c)  What  is  the  stroke,  and 
to  what  is  it  equal  ? 

(635)  {a)  Define  the  following :  Clearance;  real  cut-off ; 
apparent  cut-off;  ratio  of  expansion,  (b)  The  clearance  is 
?}<  and  the  apparent  cut-off  f ;  find  the  real  cut-off  and  the 
ratio  of  expansion.  .         ...  j  Real  cut-off,  .416. 

*  ^  '  (  Ratio  of  expansion,  2.4. 

(636)  A  non-condensing  engine  has  a  clearance  of  6ji,  and 
cuts  off  at  f  stroke.  If  it  uses  steam  at  a  boiler  pressure  of 
60  pounds  per  sq.  in.  (gauge),  what  is  the  probable  M.  E.  P.  ? 

Ans.  47. 1  lb.  per  sq.  in. 

(637)  {a)  What  is  the  I.  H.  P.  of  the  engine  of  question 
636,  assuming  the  piston  to  be  11 '^  in  diameter,  the  length  of 
stroke  18',  and  the  number  of  revolutions  210  ?  {V)  If  the 
mechanical  efficiency  of  the  engine  is  83ji,  what  is  the  net 
H.  P.?     {c)  The  friction  H.  P.?  (  (a)  85.45  H.  P. 

Ans.  ]  (6)  70.92  H.  P. 
(  {c)  14.53  H.  P. 

(638)  {a)  Define  lap;  lead;  angular  advance.  (6)  How 
does  the  outside  lap  influence  the  ** point  of  cut-off"? 
{c)  What  is  the  duty  of  the  inside  lap  ? 


indicator  diagram  ?  (i*)  What  three  " 
e  made  of  them  ? 
The  area  of  an  indicator  diagram  is  3.47  sq.  in. 
he  length  of  the  diagram  represents  6  inches  of 
stroke,  the  scale  of  the  spring  is  40,  and  the 
the  engine  piston  is  16  in.  What  is  the  work 
;  per  stroke  ?  {i)  What  is  the  horsepower  of 
it  makes  120  R.  P.  M.  ? 

(  (a)  13,953.73  ft. -lb, 
"^'  1  {d)  101.48  H.  P, 
(641)     What  are  the  faults  of  the  diagram  shown  in  Fig.  5  ? 


How    might    these   faults    be    partially    remedied  ? 

(643)  To  drive  the  machinery  of  a  certain  shop  requires 
120  actual  H,  P.  Find  the  probable  dimensions  of  a  Corliss 
condensing  engine  to  do  the  work,  assuming  a  boiler  pres- 
sure of  70  pounds  (gauge),  and  a  ratio  of  expansion  of  4. 
Assume  a  proper  piston  speed  and  mechanical  efficiency. 

(()43)  ((/)  What  is  the  thermal  efficiency  of  a  steam 
engine  using  steam  at  00  pounds  gauge  pressure,  and 
exhausting  at  2  pounds  ^o\^  \.\\&  atiiwspliere  f  (/>)  If  the 
pressure  in  the  above  case  were  raised  to  00  pounds  (gauge), 
and  a  condenser  added,  giving  a  back  pressure  of  3  pounds 
above  vacuum,  what  would  be  the  efficiency  ? 

Ans    iWli-5f 

(644)  («)  The  piston  speed  of  an  engine  is  540  feet,  tlie 
number   of  revolutions  150;  what  is  the  length  of  stroke! 
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(d)  If  the  length  of  stroke  is  2^  ft.  and  the  piston  speed 
900  ft.  per  minute,  what  is  the  number  of  revolutions  ? 

Ans    I  ^^)  ^^•^'• 

(  {b)  180  R.  P.  M. 

(645)     Find  the  water  consumption  per  I.  H.  P.  per  hour 
from  the  diagram  shown  in  Fig.  6.      Scale  of  spring,  40. 


Pig.  6. 


Suggestion. — Find  the  M.  E.  P.  by  dividing  the  diagrram  and 
measuring  the  ordinates,  and  then  use  formula  lOl. 

Ans.  22.76  lb.  per  I.  H.  P.  per  hour. 

(646)  (a)  Explain  fully  the  thermal  advantages  of  the 
compound  engine ;  (6)  the  mechanical  advantage. 

(647)  The  stroke   of  a  tandem-compound  engine  is  30 

inches.      The  diameter  of  the  low-pressure   cylinder  is  32 

inches,  and  of  the  high-pressure  cylinder  19  inches.     The 

M.  E.  P.  of  the  high-pressure  cylinder  is  52  pounds,  and 

of   the   low-pressure   cylinder   18   pounds;  the    number   of 

revolutions,  120.     (a)  Find  the  I.  H.  P.  of  the  engine,     (b) 

What  is  the  ratio  of  the  work  done  in  each  cylinder  ? 

C  (a)  531.29  H.  P. 
Ans.  I  ^^j   ^^^g^ 

(648)  (a)  What  defects  in  the  distribution  of  steam  may 
be  shown  by  the  indicator  diagram  ?  (b)  What  may  be 
done  to  remedy  the  following  faults  : 

1.     Admission,  release,  and  compression  too  early  ? 
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2.  Admtsstan,  release,  and  compression  too  late  ? 

3.  Cot-off  too  early  ? 
A.     Cat-off  too  late  ? 
(649)     («)  Locate  the  points  of  cut-off,  release,  and  com- 

presskm  on  the  diagrams  of  Fig.  7.     {6)  Assuming  them 


to  have   been  taken  with  a  30  spring,  find  their   average 
M.  E.  P. 

(650)  What  should  be  the  condensing  surface  of  a  surface 
condenser  for  an  engine  developing  (J75  I.  H.  P.,  and  using 
26^  pounds  of  steam  per  I.  H.  P.  per  hour  ? 

Ans.  1,688.68  sq.  ft 

(651)  Given,  a  30'  x  48' engine  making  80  revolutions  per 
minute.     On  measuring  a  crank-effort  diagram,  it  is  found 
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that  the  fly-wheel  is  to  store  up  at  each  stroke  88  foot- 
pounds of  energy  per  sq.  in.  of  piston  area.  Assuming  a 
coefficient  of  unsteadiness  of  -^,  what  must  be  the  weight  of 
the  fly-wheel  rim  if  the  fly-wheel  is  20  ft.  in  diameter  ? 

Ans.   14,251.02  1b. 

(652)  A  compound  engine,  developing  1,200  I.  H.  P.,  has 
a  stroke  of  42",  and  a  ratio  of  expansion  of  5^.  The  engine 
makes  70  R.  P.  M. ;  the  total  M.  E.  P.  reduced  to  the  low- 
pressure  cylinder  is  42  pounds  per  sq.  in.  (a)  Find  the 
diameter  of  the  low-pressure  cylinder.  {6)  Find  the  diam- 
eter of  the  high-pressure  cylinder  by  formula  103,  and  (c) 

by  formula  104.  (  {a)  40^  in. 

Ans.  ]  {b)  34  in. 
(  (c)  321  in. 

(653)  {a)  What  will  be  the  real  cut-off  in  the  high-pressure 
cylinder  of  problem  652,  if  its  diameter  is  found  by  formula 
103?     (*)  If  found  by  formula  104?  .        ]  (a)  .308 

^''^'  \  {b)  .420 

(654)  For  what  is  the  Stephenson  link  used  ?  Describe 
its  action. 

(655)  The  net  pressure  on  the  piston  of  a  steam  engine  is 
shown    by    the    diagram. 

Fig.  8.  Draw  the  crank- 
effort  diagram  both  to  a 
semicircular  base  and  to  a 
straight  base.  Assume 
that  the  length  of  the 
connecting-rod  is  double 
the  stroke. 

(656)  The  steam  enters 
a  jet  condenser  at  a  pres- 
sure of  ^  pounds  above  vacuum.  The  condensing  water 
enters  at  a  temperature  of  55°  and  leaves,  after  mixing  with 
the  exhaust  steam,  at  a  temperature  of  130°.  What  weight 
of  condensing  water  must  be  used  per  pound  of  steam  ? 

Ans.  13.76  lb. 


Fig.  8. 
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(657)  (<»)  Describe  the  action  of  the  pendulum  governor. 
(i)  What  is  the  distinction  between  the  duty  of  a  govemcpf 
and  that  of  a  fiy-wheel  ? 

(658)  Asteam  engine  istodevelop42H.  P.  TheM.  E,  P, 
available  is  36.3  pounds  per  square  inch;  the  engine  is  lo 
run  at  15S  revolutions  per  minute,  (a)  Find  the  stroke. 
and  (d)  the  diameter  of  piston,  assuming  the  former  to  be 
IJ  times  the  latter,  (c)  What  is  the  piston  speed  of  the 
engine  i  i  (a)  15  in.,  nearly. 

Ans.  J  (6)  Ui  in.,  nearly. 
(  (c)  387.5  ft.  fiermin- 

(659)  {a)  The  diameter  of  an  engine  piston  is  22';  the 
pressure  at  beginning  of  stroke  is  72  pounds  per  square  inch. 
What  is  the  pressure  on  the  crank-shaft  ?  (^)  The  crank 
now  makes  an  angle  of  G0°  with  the  axis  of  the  cylinder, 
and  the  steam  pressure  has  fallen  to  65  pounds.  What  is 
the  total  pressure  on  the  crank-shaft  ?  (c)  What  is  the  force 
tangent  to  the  crank-pin  circle  ?  /  («)  27,3(!9.t;2  !b, 

Ans.  ]  (d)   12,354.34  lb. 
(   Ic)   21.398.25  !b. 

(660)  The  M.  E.  P.  of  an  engine  obtained  from  the  card 
is  34.G  pounds  per  square  inch.  What  should  be  the  mean 
ordinate  of  the  crank-effort  diagram  expressed  in  the  same 
units  ?  Ans.  22.03  lb. 

(6C1)  A  locomotive  with  19'  x  24'  cylinders  and  60' 
drivers  uses  steam  at  150  gauge  pressure,  and  is  designed  to 
run  at  a  speed  of  60  miles  per  hour.  Under  the  ordinary  load 
the  M.  E.  P.  is  62^  lb.  What  I.  H.  P.  does  the  locomotive 
develop?  Ans.  909.73  I.  H.  P. 

(fi62)     The  travel  of  a  valve  is  6';  the  lap  is  J',   (a)  What 

must  be  the  angular  advance  of  the  eccentric  ?     {6)  What 

angle  will  the  eccentric  make  with  the  axis  of  the  cylinder 

when  cut-off  occurs  ?  a        i  [")  l'"  ^'- 

•*°'-  ((«)  78- 32'. 

(6G3)  The  actual  horsepower  of  an  engine  was  experi- 
mentally found  to  be  12.325,  The  I.  H.  P.  from  the  dia- 
gram was  15.36.     (a)  Find   the   efficiency   of  the  engine. 
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(b)  The   engine    had   a  9'  X  12'   cylinder,   and   ran   at   an 
average  speed  of  240  rev.     What  was  the  M.  E.  P.  ? 

^     •  (  {b)  1G.6   lb. 

(GG4)  Describe  the  steam-engine  mechanism.  What 
office  does  it  fulfil  ? 

(665)  Draw  the  theoretical  diagram  of  a  simple  steam 
engine  from  the  following  data:  Boiler  pressure,  70  pounds 
per  sq.  in.  (gauge);  ratio  of  expansion,  3;  back  pressure, 
2  lb.  above  atmosphere ;  clearance,  7^.  The  steam  is  com- 
pressed to  40  lb.  gauge  pressure.  Assume  your  own  scale 
of  pressures  and  volumes. 

(666)  What  is  a  balanced  valve,  and  why  are  they  used  ? 

(667)  What  is  the  object  of  computing  the  steam  con- 
sumption from  both  the  point  of  cut-off  and  a  point  near 
release  ? 

(668)  Calculate  the  size  of  a  simple  engine  to  give  240 
actual  H.  P.,  choosing  your  own  type  of  engine,  a  suitable 
boiler  pressure,  ratio  of  expansion,  and  mechanical  efficiency. 

(669)  (a)  What  should  be  the  scale  of  the  indicator  spring 
used  if  the  boiler  pressure  is  54  pounds  ?  {b)  If  the  boiler 
pressure  is  115  pounds  ?  (c)  The  height  of  the  steam  line  of 
a  diagram  above  the  atmospheric  line  is  1.834'.  What  is  the 
gauge  pressure  of  the  steam  at  admission  if  the  diagram  was 
taken  with  a  40  spring  ? 

(670)  During  an  engine  test  906  pounds  of  exhaust  steam 
passed  through  the  surface  condenser,  and  13,580  pounds  of 
water  were  required  for  condensation.  The  average  pres- 
sure of  the  exhaust  steam  was  7  pounds  above  vacuum.  The 
condensing  water  entered  at  an  average  temperature  of 
52°  F. ,  and  left  the  condenser  at  an  average  temperature  of 
120°  F.  What  was  the  average  temperature  of  the  con- 
densed steam  on  leaving  the  condenser  ?  Ans.   148.66°. 

(671)  The  diameters  of  the  high-pressure,  intermediate, 
and  low-pressure  cylinders  of  a  triple-expansion  engine  are, 
respectively,  27',  42',  and  66'.     The  M.  E.  P.  *s  of  the  steam 


cylinder, 

Ans.  ^ 
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in  the  three  cylinders  are,  respectively,  72  pounds,  40  pounds, 
and  16.5  pounds.  The  stroke  of  the  engine  is  4  feet,  and 
the  number  of  revolutions  70.  {a)  Find  the  I.  H.  P.  of  the 
engine.     (6)  Find  the  percentage  of  the  work  done  in  each 

(a)  2,698  I.  H.  P. 

I26.9fi  in  high-pressure  cylinder. 
36.2^  in  intermediate  cylinder. 
36.9^  in  low-pressure  cylinder. 

(672)  What  are  the  distinctive  features  of  the  Corliss 
valve  gear  ?  What  advantages  has  it  over  the  plain  slide 
valve  ? 

(673)  A  Corliss  condensing  engine  cuts  off  at  i  stroke, 
and  has  a  clearance  of  ^fi.  The  boiler  pressure  is  84 
pounds,  (a)  Find  the  probable  M.  E.  P.  {d)  Assuming 
a  piston  speed  of  500  feet  per  minute,  what  must  be  the 
diameter  of  the  piston  in  order  that  the  engine  may  de- 
velop 120  H.  P.?  A        i  W  5^- -^55  lb.  per  sq.  in. 

^^^'  \  (*)  13iin.,  nearly. 
(G74)     The  gauge  pressure  of  the  steam  in   a  boiler  is 
93  pounds.     Find  its  temperature  by  formula  90. 

Ans.  332.009°. 

(075)  Draw  a  skeleton  diagram  showing  the  position  of 
the  crank  and  eccentric  w^hen  the  engine  runs  under,  the 
an^le  of  advance  being  37°.     The  valve  and  cylinder  may 

be  omitted. 

(070)  Find,  by  means  of  formula  93,  the  I.  H.  P.  of  an 
IS"  X  'iV  engine,  whose  mean  effective  pressure  is  62 A 
poiuuls  per  square  inch,  and  which  makes  175  revolutions 
per  minute.  Ans.  330.825  I.  H.  P. 

(077)  In  Fig.  9  are  shown  the  indicator  diagrams  taken 
from  the  high  and  low-pressure  cylinders  of  a  tandem 
compounJ  non-condensing  engine.  Diameter  of  high-pres- 
sure cylinder,  13";  of  low-pressure  cylinder,  20";  stroke, 
15";  revolutions  per  minute,  230.      Find  the  horsepower. 

Ans.  177.1  H.  P. 

(07S)  Take  the  clearance  of  both  cylinders  of  the  en- 
gine   in    the  last   example   as    10^   of   the    volume   of   the 
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high-pressure  cylinder,  and  combine  the  diagrams  into  one, 
as  in  Fig.  297. 

&0  $pring. 


90  Spring, 


PiG.O. 

(679)  Find  the  water  consumption  per  I.  H.  P.  per  hour 
of  a  24'  X  30'  engine  making  150  revolutions  per  minute, 
and  giving  a  diagram  like  A^  Fig.  7.     Scale  of  spring,  30. 

Ans.  26.21  lb.  per  I.  H.  P.  per  hour. 

(680)  {a)  What  is  meant  by  high  rotative  speed  ?  (b) 
What  is  the  difference  between  a  high  rotative  speed  and 
a  high  piston  speed  ?  (c)  Does  an  engine  with  a  high  rota- 
tive speed  necessarily  have  a  high  piston  speed  ? 

(681)  The  pressure  on  the  steam  gauge  of  a  boiler  is 
123  lb. ;  find  the  temperature  by  formula  90.    Ans.  351.49°. 

(682)  A  300  horsepower  engine  has  a  cylinder  22'  in 
diameter,   and  a  stroke  of   18' ;   that  is,  it  is  a   22'  X  18' 
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engine.     When  making  200  revolutions  per  minute,  what 
must  be  the  mean  effective  pressure  > 

Ans.  43.40G  lb.  per  sq.  in. 

(B83)  In  a  manner  similar  to  question  G75,  find  the  posi- 
tion of  the  eccentric  for  an  angle  of  advance  of  20°,  when 
the  engine  has  a  rocker  arm  to  change  the  direction  of 
motion  of  the  valve. 

(681)  In  Pig.  10  are  shown  the  diagrams  from  both  ends 
of  the  cylinder  of  a  13'  X  12'  engine  running  at  300  revo- 
lutions per  minute.     Find  the  net  mean  pressure  upon  the 


pistons,  as  was  done  in  Art.  1312»  by  combining  the  ei- 

pansion  line  of  card  A  with  the  back-pressure  line  of  card 
Scale  of  spring,  60.  Ans.  36.96  lb.  per  sq. 

(685)  Find  the  indicated  horsepower  of  the  engine  ol 
example  684.  Ans.  91.66  I.  H. 

(686)  Find  the  water  consumption  per  I.  H.  P.  per  hour 
from  the  diagrams  of  Pig,  10,  example  684. 

Ans.  21.49  lb,  per  I.  H.  P.  per  hour. 

(687)  Taking  the  ratio  of  the  length  of  the  connecting-rod 
to  that  of  the  crank  as  5  :  1,  draw  the  diagrams  of  tangential 
pressures  on  the  crank-pin,  both  for  a  circular  base  and  a 
straight  base,  of  the  engine  of  example  G84. 

(688)  Calculate  the  weight  of  the  fly-wheel  rim  of  the 
engine  in  example  684,  taking  the  coefficient  of  unsteadiness 

£  as—,  and  the  ratio  «  as  5.  Ans.  023  lb. 


PRINCIPLES 

OF 

REFRIGERATION. 

(ARTS.   1331-1475.) 

(889)     What  size  of  pipe  would   be  necessary  to  carry 

it  gallons  of  brine  for  a  distance  of  347  feet  with  a  friction 

pressure  not  to  exceed  5  pounds  ?  Ans.  5-in,  pipe. 

(690)  State  the  three  methods  of  supplying  the  expansion 
coils  with  ammonia,  and  state  the  advantage  of  each. 

(691)  Describe  the  British  Linde  circulating  system. 
(693)     In  what  way  does  the  efficiency  of  an  absorber 

affect  the  economy  and  capacity  of  the  machine  ? 

(693)  On  what  does  the  economy  of  an  absorption 
machine  depend  ? 

(694:)  By  formulas  115  to  1 18,  compute  the  properties 
of  saturated  ammonia  vapor  at  a  pressure  of  14.7  pounds 
per  square  inch,  absolute. 

I  Temperature,  —  28.502°  F. 
Volume  of  liquid  per  pound,  .02379  cu.  ft. 
Volume  of  vapor  per  pound,  18.01S  cu.  ft. 
Weight  of  vapor  per  cubic  foot,  .0555  lb. 
Latent  heat,  572.83  B.  T.  U. 
(696)     At  a  temperature  of  230°  F.  and  a  gauge  pressure 
of  100  pounds  per  square  inch,  what  is  the  volume  of  I  pound 
of  superheated  ammonia  vapor  ?  Ans.   3.73  cu.  ft. 

(696)  What  is  the  best  test  for  a  slight  ammonia  leak  in 
the  open  air,  and  what  for  a  leak  under  water  ? 

(697)  (a)  Name  the  principal  objections  to  the  following 
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fluids  as  refrigerating  ^;enU:  Btfaer;  mlidiur  dioxide;  eai- 
boa  dioxide;  ammonia.  (^}  What  b  the  i^incipal  advan- 
tage of  ammonia  as  a  refrigerating  fluid  ? 

(698)  Wliat  precautions  must  be  taken  with  a  sulphur- 
dioxide  machine  to  insure  its  life  t 

(699)  («)  What  is  the  chief  requisite  of  working  fluid  for 
a  latent-lieat  ref rigerating-machine  t  (i)  What  fluids  are 
most  available  as  refrigerating  i^ents  ? 

(700)  In  the  example  of  Art.  1346,  aasnme  a  capacity 
of  2S0  pounds  of  ice  per  hour  and  a  pressure  o€  80  pounds 
gauge  in  the  expansion  cylinder  at  cat-off.  Take  the  othH* 
data  as  given  in  the  example,  and  make  all  the  calculations 
that  are  made  in  Art.  134A. 

Heat  abstracted  per  strc^  7.985  B.  T.  XJ. 
Weight  of  air  per  stroke,  ,8898  lb. 
Volume  ot  compressor  cylinder,  4.S76  cu.  fL 
Volume  of  expansion  cylinder,  8.485  cu.  ft. 
Theoretical  net  horsepower,  6.85  H.  P. 
Theoretical  efficiency,  2.63. 

(701)  There  are  three  samples  of  chloride  of  calcium, 
A,  B,  and  C,  each  weighing  1  pound  and  dissolved  in  half  a 
gallon  of  water.  On  testing  with  a  hydrometer,  the  A  sam- 
ple shows  1.1(15;  the  B  sample,  1.173;  and  the  C  sample, 
1.157       Which  is  the  best  grade  of  calcium  ? 

(70'^)  What  are  the  relative  merits  of  a  vertical  and  hor- 
izontal generator  or  retort  ? 

(703)  In  changing  from  salt  brine  to  chloride-of-calcium 
brine,  what  must  be  done  with  the  salt  brine  ? 

(704)  Give  a  brief  statement  of  the  relative  advantages 
of  the  direct-expansion  and  brine  systems. 

(705)  A  certain  plant  uses  per  minute  2i7  gallons  of 
brine,  which  is  cooled  4^°  by  the  ref  rigerating-machine. 
What  is  the  tonnage  of  the  plant  ?  Ans.  44.46  tons. 

(700)  How  many  gallons  of  brine  per  minute  would  a 
brine-pump  have  to  discharge  in  a  40-ton  plant  with  a  tem- 
perature range  of  (ij"  ?  Ans.  153.85  gai. 
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(707)  Which  is  more  desirable  for  brine-circulation  work, 
return  bends  with  close  centers  or  with  wide  centers  ? 

(708)  Wherein  does  the  operation  of  an  ammonia  absorp- 
tion machine  differ  from  that  of  a  compression  machine  ? 

(709)  (a)  A  warehouse  has  four  rooms.  Room  A  re- 
quires 29  tons;  room  B,  12  tons;  room  C\  18  tons;  and 
room  D,  4  tons.  The  temperature  of  the  inlet  brine  is  5° 
and  of  the  return  9°.  How  much  brine  does  each  room 
require?  (d)  If  room  A  is  GO  feet  from  the  engine  room; 
room  B,  30  feet  from  A;  room  C,  75  feet  from  B;  and 
room  A  40  feet  from  C,  what  size  of  brine  mains  would 
have  to  be  run  under  the  given  conditions,  the  friction 
head  between  any  two  rooms  not  to  exceed  12  feet  ? 

Pipe  to  A ,  4    in. 

**      **  B,  3    in. 

**  C,  3    in. 

*'  £>,  1^  in. 

(710)  Why  are  air-cocks  put  on  brine  coils  ?  Where 
should  they  be  placed  ? 

(711)  Make  all  the  calculations  given  in  the  problem  of 
Art.  1374,  using  the  following  data: 

Ice-melting  capacity,  12  tons. 

Temperature  in  condenser,  85°  F. 

Temperature  in  refrigerating  coil,  20°  F. 

Initial    and    final    temperatures   of 

cooling  water,  G0°  and  80°  F. 

Compressor,  single-acting,     70  strokes  per  minute. 

Theoretical  volume  of  cylinder,  .415  cu.  ft. 

Theoretical  horsepower,  8.48  H.P. 

Cooling  water  per  minute,  136.81  lb. 

Theoretical  efficiency,  G.6 

(712)  Explain  fully  how  the  suction  pressure  influences 
the  capacity  and  efficiency  of  the  ammonia  compression 
machine. 

(713)  How  does  the  condensing  pressure  influence  the 
efficiency  of  a  compression  rcfrigerating-machine  ? 


Ans.  ' 
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(7N)  State  the  advantages  and  disadvantages  [a)  o{ 
single  and  double  acting  compressors;  (d)  of  vertical  and 
horizontal  compressors,  (f )  "What  advantage  has  the  direct- 
■irting  machine  over  the  indirect -acting  machine  ? 

(715)  (a)  What  expedients  have  been  devised  to  reduce 
the  superheating  of  ammonia  during  compression  ?  {i) 
Explain  how  wet  compression  cools  the  compressor  cylinder. 

(7H1)  A  double-acting  compressor  having  a  cylinder  dis- 
placement of  357  cubic  feet  per  minute  is  running  under  ihc 
following  conditions: 

Head  pressure.  180  pounds  per  sq,  in.,  gauge 
Back  pressure,    10        "         "     "     " 

{a)     What  is  the  theoretical  tonnage  ?     (i)     Deducting 

30    per    cent,    for  loss    due  to    superheating,    what    is    the 

capacity?  ^        i  (a)  75.254  tons. 

I  {/>)    52.68    tons, 

(717)  Explain  what  you  understand  to  be  the  difference 
between  standard  and  superheated  ammonia  vapor. 

(718)  To  produce  a  certain  ice-melting  effect,  the  vol- 
ume of  the  compression  cylinder  of  an  ammonia  machine  is 
2  cubic  feet.  For  the  same  capacity  under  the  same  condi- 
tions, about  what  should  be  the  volume  of  the  compression 
cylinder  (a)  of  a  sulphur-dioxide  machine  ?  {d)  of  an  ether 
machine?     (f)  of  a  carbon-dioxide  machine  ? 

( (rt)  .H  ^u-  ft. 

Ans.  j  (^)    ;U  cu.  It, 
(  (r)      1  cu.  ft. 

(719)  (<7)  In  what  way  is  the  cycle  of  the  ammonia  com- 
pression machine  incomplete  ?  (/>)  In  what  way  is  it  i)ro- 
posed  to  make  the  cycle  complete  in  the  case  of  carbonic- 
acid  machines  ? 

{~-H))  Describe  fully  the  action  of  the  ammonia  compres- 
sion machine,  illustrating  your  description  by  sketches. 

(721 )  (rt)  E-xplain  the  ])ri>duction  of  cold  by  the  adiabatic 
expansion  of  a  g.-is.  (<*)  Why  is  there  no  fall  of  temperature 
if  the  gas  expands  adiabatically  without  performing  work  ? 
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(722)  An  air  machine  has  an  expansion  cylinder  with 
12-inch  bore  and  15-inch  stroke  and  makes  100  displace- 
ments per  minute.  The  air  temperature  after  expansion  is 
—  43° ;  the  temperature  of  the  cold  room  is  30° ;  and  the  pres- 
sure is  that  of  the  atmosphere.  What  is  the  theoretical 
capacity  of  the  machine  ?  Ans.   .817  ton. 

(723)  State  the  principal  causes  that  tend  to  decrease 
the  efficiency  of  an  air  machine.  Which  of  these  causes,  in 
your  opinion,  is  the  most  serious,  and  why  ? 

(724)  In  what  way  is  the  commercial  efficiency  or  econ- 
omy of  a  refrigerating-machine  measured  ? 

(725)  {a)  Give  three  expressions  for  the  theoretical  effi- 
ciency of  a  refrigerating-machine,  and  show  how  they  are 
obtained.  (^)  In  what  way  do  the  temperatures  of  the  hot 
body  and  cold  body  influence  this  efficiency  ? 

(726)  {a)  What  is  the  capacity  of  a  refrigerating-machine? 
(6)  What  is  the  unit  of  refrigerating  or  ice-melting  capacity  ? 
(c)  What  is  meant  by  ice-making  capacity,  and  how  does 
this  differ  from  ice-melting  capacity  ? 

(727)  If  it  is  desired  to  have  a  brine  temperature  of  10° 
below  zero  F.,  what  salt  should  be  used,  and  what  should  be 
the  minimum  gravity  of  the  solution  ? 

(728)  What  are  the  relative  merits  of  sodium  and  calcium 
chloride  for  making  brine  ? 

(729)  Explain  fully  the  difference  between  the  direct- 
expansion  system  and  the  brine  system  of  refrigeration. 
Illustrate  the  description  by  sketches. 

(730)  (a)  Explain  the  principle  of  action  of  the  vacuum 
refrigerating-machine.  (^)  For  what  purpose  is  sulphuric 
acid  used  in  a  vacuum  machine  ?  (c)  What  are  the  disad- 
vantages of  vacuum  refrigerating  apparatus  ? 

(731)  Name  the  four  kinds  of  absorbers,  and  state  the 
advantages  of  each. 

(732)  State  the  advantages  and  disadvantages  of  the 
carbon-dioxide  refrigerating-machine. 
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(7;i!()  How  can  the  qua.lity  of  the  anhydrotis  ammonia  in 
an  ubsorption  machine  be  determined  without  drawing  out 
a  sample  7 

(734)  Describe  the  action  of  the  ammonia  absorption 
machine.     Illustrate  your  description  with  sketches. 

(736)  Of  what  advantage  is  the  use  of  the  exchanger  of 
the  absorption  apparatus  ? 

(731))  A  refrigerating-machine  abstracts  «35,342  B.  T,  I'. 
in  6  hours  and  20  minutes.  What  is  the  refrigerating 
capacity  of  this  machine  ? 

(737)  Explain  how  cold  is  produced  by  evaporation  of 
liquids.  What  class  of  refrigerating-machines  operate  on 
this  principle  ? 

(73P)  Explain  the  operation  of  a  refrigerating-machine 
working  through  a  Carnot  cycle  {a)  using  a  [>erfect  gas,  as 
air,  for  a  working  fluid;  {i)  using  a  saturated  vapor  (or  a 
working  6uid. 

(73f>)  In  what  respect  does  the  actual  cycle  of  a  refrig- 
erating-machine differ  from  the  ideal  Carnot  cycle  ? 

(740)  Show  how  the  second  law  of  thermodynamics 
applies  to  the  refrigeration  process, 

(741)  An  ammonia  meter  being  placed  in  the  main  feed 
line  of  a  direct-expansion  system,  it  is  found  that  the  plant 
requires  li:!  riibic  feet  of  anhydrous  ammonia  liquid  in 
2  hours  and  Vi  minutes,  in  order  to  keep  the  rooms  cold. 
The  head  pressure  of  the  ammonia  is  135  pounds,  and  the 
suction  pressure  is  25  pounds,  gauge.  What  should  be  the 
capacity  of  this  plant  in  tons  ?  Ans.  83,09  tons, 

(74-,i)  A  plant  has  a  brine-pump  with  a  brine  end  G  inches 
in  (iianielcr  and  a  measured  stroke  of  10^  inches.  The 
pump  runs  at  S'i  displacements  per  minute.  The  brine  that 
it  circulates  is  cnoled  from  1.5°  to  11°.  The  brine  has  a 
specific  gravity  <>f  I,-;,  at  which  the  specific  heat  is  ,:5.  What 
is  the  capacity  uf  ilic  machine  after  deducting  W^  for  the 
slip  of  the  brine-pump  ?  Ans,  12. 78  tons. 
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(743)  {a)  How  may  the  approximate  commercial  effi- 
ciency of  a  compression  machine  be  obtained  ?  (d)  By  what 
process  may  the  commercial  efficiency  be  determined  with 
accuracy  ? 

(744)  Explain  fully  how  to  determine  the  quantity  of 
heat  rejected  to  the  condenser  during  a  test  of  a  refrigera- 
ting-machine. 

(745)  {a)  Explain  the  method  of  determining  the  capac- 
ity of  a  refrigerating-machine  when  the  direct-expansion 
system  is  used,  {d)  Explain  how  the  capacity  may  be 
determined  when  the  brine  system  is  used. 

(746)  (a)  What  are  the  principal  data  required  in  a  test 
of  a  refrigerating-machine  ?  {i)  What  is  the  primary 
object  of  such  a  test  ? 

(747)  What  is  meant  by  a  /leat  balajicc  ?  Of  what  use  is  it 
in  a  test  of  a  refrigerating  plant  ?  Explain  how  the  heat 
balance  is  formed  in  the  case  of  a  compression  machine,  and 
also  in  the  case  of  an  absorption  machine. 

(748)  In  one  of  Prof.  Denton's  tests,  the  following  data 
were  observed : 

Average  head  pressure 161  pounds,  gauge. 

Average  suction  pressure 27.5  pounds, gauge. 

Temperature  brine  inlet 36.36'  F. 

Temperature  brine  outlet 28.45"  F. 

Brine  circulated  per  minute 2,374  lb. 

Initial  temperature  of  condensing  water 54"  F. 

Final  temperature  of  condensing  water 82.8"  F. 

Water  circulated  per  minute  in  condenser 601.5  lb. 

Water  circulated  p)er  minute  in  jacket  14  lb. 

Initial  and  final  temperatures  of  jacket  water 54.3^  and  83.45". 

Weight  of  ammonia  circulated  per  minute 28.32  lb. 

Specific  gravity  of  brine 1. 174 

Specific  heat  of  brine 783 

Average  horsepower  of  steam  cylinder 88.63 

Average  horsepower  of  ammonia  cylinder 71.2 

From  these  data  compute  [a^  the  heat  per  minute  taken 
up  ])y  the  brine;  (/^)  the  heat  given  to  the  condenser  per 
minute;    [c)  the  heat  given  to  the  water-jacket  per  minute. 
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H         (rf)  Form  the  heat  balance,     (c)  Ci 

iknilate  the  capacity  in     ■ 

H         tons  per  2-t  hours.     (/) 

Assume  3  pounds  of  coal  per  horse-      | 

^B          power  per  hour    and  cc 

impute  the 

commercial    efficiency,      ■ 

■         that  is. 

the  pounds  of  ict 

;  melted  per  pound  of  coal.                      | 

H 

(.1)  U,703.5B.  T.  U.      ■ 

H 

(«)   17,359.3  B.T.  U.      ■ 

^ 

1 

Ans. 

(f)   408.1  B.  T.  U.          ■ 
0')  07.6  Ions.                  H 
(/)  83.86  lb.                    ■ 

f 
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AND 

ICE-MAKING  MACHINERY. 

(ARTS.  1476-1600.) 


(749)  Describe  the  process  of  charging  an  absorption 
system  with  aqua  ammonia.  Illustrate  your  description  by 
a  sketch  showing  essential  parts  of  the  system. 

(750)  What  is  the  indication  of  too  heavy  feeding  or 
expanding,  and  what  effect  does  this  have  on  the  packing 
of  a  compressor  ? 

(751)  How  many  tons  of  refrigeration  are  required  to 
cool  327  barrels  of  beer  to  40°,  the  wort  being  cooled  by  the 
upper  coil  of  the  Baudelot  cooler  to  68° ;  the  specific  gravity 
of  the  wort  is  1.06,  and  the  average  specific  heat  is  .892  ? 
The  cooling  is  to  take  place  in  4  hours.  Ans.  47.76  tons. 

(752)  Describe  the  wet-plate  system  of  ice  making. 
What  is  the  objection  to  this  system  ? 

(753)  (a)  Explain  why  the  ammonia  pump  should  be  set 
below  the  absorber  receiver,  (d)  What  gauges  are  required 
in  an  absorption  plant,  and  where  are  they  located  ? 

(754)  (a)  For  what  reason  should  the  foundation  of  an 
ammonia  condenser  be  level  ?  (d)  What  is  the  advantage  of 
a  deep  tank  for  a  submerged  condenser  ?  Explain  fully. 
(c)  Describe  the  construction,  setting,  and  insulation  of  the 
brine  tank.     Illustrate  by  sketches. 

(755)  Give  the  three  methods  employed  in-  cooling  and 
ventilating  cold-storage  rooms.  State  the  advantages  and 
disadvantages  of  each. 
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(760)  (a)  Name  some  miscellaneous  uses  of  refrigeration. 
(/')  Why  is  the  direct- expansion  system  not  applicable  to 
hotel  refrigeration  ? 

(757)  ((f)  How  many  feet  of  S-inch  direct -expansion  pipe 
are  required  to  cool  a  chill  room  having  a  capacity  of  15,000 
cubic  feet  ?  (d)  How  many  feet  of  l^-inch  pipe  should  be 
provided  for  the  circulation  of  the  brine,  the  latter  being  at 

15=?  Ans   -!<">  l-^^^**- 

■   I  (*)  3,O0U  ft, 

(758)  (rt)  What  advantage  has  the  absorption  system  over 
the  compression  system  in  ice  making  ?  (A)  By  what  is  the 
capacity  of  an  ice  plant  governed  ?  (c)  How  long  a  time 
is  required  to  determine  correctly  the  capacity  of  a  plant? 

(759)  A  packinghouse  is  to  have  10,000  cubic  feet  of 
chill-room  space.  15,000  cubic  feet  of  pickling,  and  50.000 
cubic  feet  of  storage  room;  120  hogs  and  50  beeves  arc 
killed  daily,  the  average  weight  of  the  hogs  being  240  pounds 
and  that  of  the  beeves  TOO  pounds,  (ii)  How  many  tons  of 
refrigeration  will  be  required  ?  {Ir)  How  many  lineal  feet 
of  2-inch  direct-expansion  pipe  for  each  class  of  rooms  will 
be  necessary  ? 

/  («)  22  tons. 
Ans.  i         J     770  ft.  for  chill  loom. 

(  ^   '  '  l,(ia5  ft.  for  storage  and  pickling  room. 
(7(iO)     Make  a  sketch  showing  the  arrangement  of  the 
distilied-water  system  in  an  absorption  ice-making  plant. 

(761)  Describe  the  forced-air  circulation  system  of  cooling 
and  ventilating  co]d-st<)rage  rooms.  Make  sketches  showing 
essential  features  of  the  system. 

(702)  If  the  condensing  pressure  of  an  absorption 
machine  is  Via  pounds  and  the  steam  pressure  60  pounds, 
what  is  the  lowest  specific  gravity  to  which  the  liquor  in  the 
still  can  be  reduced  ? 

(7f);{)  What  is  the  object  of  the  vacuum  test  of  a  com- 
pression plant  ?     Describe  the  test. 

(704)  {<i)  What  is  meant  by  the  term  tant  surface  f 
{b)  What  methods  are  employed  to  agitate  the  brine  in  the 
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tank  ?    Which  method  is  used  when  cold  storage  is  combined 
with  ice  making  ? 

(765)  Describe  the  course  of  the  distilled  water  in  a  com- 
pression ice  plant,  can  system.  Make  a  sketch  showing  the 
parts  necessary  to  the  description. 

(766)  State  the  points  to  be  observed  in  the  storage  of 
(a)  eggs;  (b)  dairy  products;  (c)  fruits. 

(767)  {a)  Describe  the  process  of  cooling  wort,  {i) 
About  how  many  barrels  of  wort  may  be  cooled  per  ton  of 
capacity  under  ordinary  conditions  ? 

(768)  (a)  To  what  tests  should  the  compression  machine 
be  subjected  ?  (d)  Describe  the  test  of  the  water  and  steam 
pipes. 

(769)  The  contents  of  an  ice  can  is  2.25  cubic  feet.  What 
is  the  net  weight  of  the  cake  made  ? 

(770)  Describe  the  indirect-radiation  method  of  cooling 
cold-storage  rooms,  using  sketches  to  illustrate  the  descrip- 
tion. 

(771)  What  system  of  chilling  should  be  employed  in  the 
refrigeration  of  packing  houses  ?     Give  reasons. 

(772)  A  person  owns  an  abbatoir  having  8,000  cubic  feet 
of  chill-room  space,  20,000  cubic  feet  of  pickling  space,  and 
60,000  cubic  feet  of  storage  space.  The  capacity  of  his 
refrigerating-machine  is  25  tons.  How  many  hogs  can  he 
chill  in  his  chill  room  if  the  average  weight  of  a  hog  is 
250  pounds  ?  Assume  in  this  case  that  1  ton  of  refrigera- 
tion will  cool  8,000  cubic  feet  of  space.  Ans.  444  hogs. 

(773)  What  is  the  best  method  of  insulating  cold-storage 
rooms  that  are  liable  to  be  damp,  like  those  of  a  packing 
house  or  a  brewery  ? 

(774)  {a)  Describe  the  pressure  test  of    a  compression  ^ 
machine,  illustrating  the  description  by  sketches.     What  is 
the  object  of  this  test  ?     (d)  In  this  test  what  precautions 
must  be  taken  to  prevent  the  formation  of  explosive  gases  ? 

(775)  How  many  tons  of  refrigeration  are  required  for 
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a  brewery  where  InO  barrels  are  brewed  daily,  the  capacit]^ 
<>{  ihc  storage  cellars  being  (iO.OOO  cubic  feet  ? 

Ans.  14  tons,  nearly. 
("7fl)     Describe  briefly  the  essentials  of  the  can  system 
and  plate  system  of  ice  making.      State  the  advantages  and 
disadvantages  of  each  system. 

(777)  {«)  Describe  the  gas  forecooler;  use  sketches  to 
illustrate  the  description,  (ir)  What  materials  are  used  in 
the  water-filters? 

(778)  (a)  Why  must  the  water  used  in  ice  making  be 
distilled  ?  (fr)  From  what  source  is  the  distilled  water 
usually  obtained  ?  (f)  What  is  the  ordinary  yield  of  a  can 
ice  plant  per  pound  of  coal  ? 

(77SI)  (a)  Describe  the  operation  of  shutting  down  the 
compression  machine.  {6)  Describe  the  starting  of  the 
machine. 

(780)  Describe  two  methods  of  insulating  exposed  pipes 
or  surfaces. 

(781)  What  is  the  capacity  of  an  absorption  machine 
making  anhydrous  ammonia,  if  the  ammonia  pump  has  a 
bore  of  ^i  inches  in  diameter,  a  stroke  of  10  inches,  and 
makes  (iO  strokes  a  minute  ?  Ans.  40  tons. 

(7K2)  (a)  What  precaution  is  necessary  to  make  an  air- 
space an  effective  insulator  ?  (d)  Name  several  filling 
materials  and  state  the  advantages  or  disadvantages  of  each. 

(783)  Make  a  sketch  showing  («)  the  insulation  of  an 
outside  brick  wall;  (/')  the  insulation  of  an  upper  floor. 

(784)  (rt)  How  may  a  leak  in  the  generator  coil  be 
detected  ?  {/i)  How  may  a  leak  in  the  exchanger  coil  t>e 
detected  ? 

(785)  (it)  What  are  tlic  conditions  to  be  observed  in  the 
preservation  of  articles  in  cold  storage  ?  (^)  How  is  the 
cold-storage  temperature  maintained  ?  (c)  What  is  the 
objection    to   placing   freezing    rooms    above   cold-storage 

(~8fi)     (a)  Describe  the  course  of  the  condensing  water  in 
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an  absorption  plant,  using  necessary  sketches.  {6)  What 
variation  of  the  usual  arrangement  is  made  in  very  warm 
climates  ? 

(787)  Describe  the  process  of  charging  a  compression 
plant  with  ammonia.  Illustrate  your  answer  by  a  sketch 
showing  only  the  parts  of  the  plant  and  the  valves  and 
fittings  that  are  essential  to  the  description. 

(788)  The  specific  gravity  of  wort  of  a  certain  strength 
is  1.053  at  60''  F.  What  will  be  its  specific  gravity  (a)  at 
30°  F.  ?     (d)  at  73°  F.  ?  A        i  (^)  1-0562 

^^'  i{6)  1.0511 

(789)  (a)  What  are  the  causes  of  a  too  high  head  pres- 
sure ?     {d)  How  is  air  removed  from  the  condenser  ? 

(790)  (a)  What  limits  the  capacity  of  an  absorption 
machine  ?  {d)  What  should  be  the  steam  pressure  used 
with  horizontal  generators  ?  (c)  What  precaution  must  be 
observed  with  vertical  generators  ?  (d)  What  is  the  maxi- 
mum quantity  of  aqua  ammonia  that  should  be  circulated 
per  ton  of  capacity  in  an  absorption  machine  ? 

(791)  (a)  Describe  the  steam  piping  of  a  compression 
refrigeration  plant.  (6)  Name  the  essential  valves  and 
cocks  required  on  a  compression  plant. 

(792)  (a)  What  is  the  object  of  using  a  weak-liquor 
cooler  ?  (d)  How  much  water  is  required  by  an  absorption 
plant  under  ordinary  conditions  ? 

(793)  (a)  Describe  the  process  of  charging  an  absorption 
system  with  anhydrous  ammonia.  Use  sketches,  (b)  How 
may  air  be  expelled  from  an  absorption  plant  ? 

(794)  {a)  What  precautions  must  be  taken  in  handling 
anhydrous  ammonia  ?  (b)  How  may  the  ammonia  charge 
be  removed  from  a  compression  machine  ? 
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